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(54)  Data  transfer  communication  system. 
(si)  A  data  transfer  communication  system  capable  of  hand- 
ling  both  node-to-node  data  transfer  messages  originating  at 
any  transmitter  and  transmitted  to  a  specific  receiver  on  the 
network  and  functional  command  messages  originating  at 
any  transmitter  and  broadcast  transmitted  to  an  unspecified 
number  of  receivers  on  the  network.  Receivers  are  pro- 
grammed  to  receive  and  acknowledge  receipt  of  correspond- 
ingly  addressed  node-to-node  type  messages  and  certain  cor- 
respondingly  addressed  functional  command  type  messages 
with  their  unique  addresses  in  a  predetermined  field  location 
of  the  transmitted  message.  By  utilizing  pulse  width  modula- 
tion  techniques,  binary  logic  signals  and  a  unique  start  signal 
are  defined  and  have  a  dominant  hierarchy  that  allows  for 
bit-wise  contention  of  the  common  data  bus.  In  that  manner. 

when  contention  of  the  data  bus  is  resolved  a  higher  priority 
message  continues  to  be  transmitted  while  the  losing  conten- 
der  delays  its  transmission  until  after  the  higher  priority  mes- 
sage  is  completed. 
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DATA  TRANSFER  COMMUNICATION  SYSTEM 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  t h e   f i e l d   o f  

e l e c t r i c a l   c o m m u n i c a t   ion  n e t w o r k s   and  more  s p e c i f i c a l l y  

to  t he   a r e a   of  s u c h   n e t w o r k s   i d e a l l y   s u i t e d   f o r   t h e  

c o n t r o l   of  e l e c t r i c a l   f u n c t i o n s   in  t he   v e h i c u l a r  

e n v i r o n m e n t   . 

S e v e r a l   p r o t o c o l s   have   b e e n   p r o p o s e d   f o r   use   i n  

v e h i c l e   d a t a   c o m m u n i c a t i o n s   o v e r   t h e   p a s t   s e v e r a l   y e a r s  
in  o r d e r   to  e f f i c i e n t l y   r e p l a c e   t h e   m a s s i v e   w i r i n g  

10  h a r n e s s   t h a t   is   p r e s e n t l y   u s e d   to  p r o v i d e   e l e c t r i c a l  

i n t e r c o n n e c t i o n   of  t he   v a r i o u s   s w i t c h e s ,   s e n s o r s ,   l i g h t s ,  

m o t o r s ,   and  e l e c t r o n i c   c o n t r o l   m o d u l e s   l o c a t e d   t h r o u g h o u t  

t he   v e h i c l e .  

One  t u c h   p r o t o c o l   p r o p o s e d   in   t he   pr  i  c  a r t   i s  

15  b a s e d   on  Time  D i v i s i o n   M u l t i p l e x i n g   (TDM)  in  w h i c h   a  

m a s t e r   t i m i n g   node   is  u s e d   as  a  c o n t r o l l e r   to  i  i  ^ v i d e   a 
»  s y n c h r o n i z e d   s e t   of  d e d i c a t e d   t i m e   s l o t s   f o r   w h i c h   e a c h  

s l a v e   node   is   o b l i g e d   to  e y n c h r o n i z e   w i t h   and  o b t a i n   i t s  

c o m m u n i c a t i o n   d a t a   t h e r e f r o m .   The  d e d i c a t e d   t i m e   s l o t s  

20  in  t h e   TDM  e a c h   p r o v i d e   c o n t r o l   i n f o r m a t i o n   of  a 

p r e s c r i b e d   t y p e   and  t h o s e   s l a v e   n o d e s   w h i c h   a r e  

p r o g r a m m e d   to  p e r f o r m   the   p r e s c r i b e d   f u n c t i o n   mus t   b e  

s y n c h r o n i z e d   in  s u c h   a  way  so  as  to  e x t r a c t   i n f o r m a t i o n  

f rom  t h e   t i m e   s l o t   c o r r e s p o n d i n g l y   d e d i c a t e d   to  t h a t  
25  f u n c t i o n .   E a c h   " r e c e i v e r "   s l a v e   node   mu6t  know  e x a c t l y  

/hen  i t s   c o n t r o l   f u n c t i o n   o c c u r s   in  t h e   d a t a   s t r e a m .  
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A c c o r d i n g l y ,   s u c h   a  s y s t e m   i s   v u l n e r a b l e   to   a  f a i l u r e   i n  
t h e   m a s t e r   node   s i n c e ,   in  s u c h   c a s e ,   t he   e n t i r e   n e t w o r k  
w i l l   be  u n a b l e   to  c o m m u n i c a t e .  

In  a d d i t i o n   to  t h e   TDM's  d e p e n d e n c e   on  t h e  
5  m a s t e r   node   o p e r a t i o n .   TDM  s y s t e m s   g e n e r a l l y   h a v e   p o o r  

f l e x i b i l i t y   due  to  t h e   l i m i t e d   a l l o c a t i o n   of  t i m e   s l o t s  
in  t h e   d a t a   s t r e a m .   A c c o r d i n g l y ,   a d d i t i o n s   or  d e l e t i o n s  
of  t y p e s   of  r e c e i v e r s   in  a  p a r t i c u l a r   n e t w o r k   r e q u i r e   a  
r e a l l o c a t i o n   of  t he   t i m e   s l o t s   t h r o u g h   p r o g r a m m i n g   of  t h e  

10  m a s t e r   c o n t r o l   n o d e .  

TDM  s y s t e m s   a l s o   o p e r a t e   on  an  o p e n   l o o p   s y s t e m  
in  w h i c h   t h e r e   is  g e n e r a l l y   no  p o s i t i v e   a c k n o w l e d g m e n t  
t h a t   a  p a r t i c u l a r   c o n t r o l   f u n c t i o n   has  b e e n   r e c e i v e d .  
C o n s e q u e n t l y .   TDM  s y s t e m s   u s u a l l y   p r o v i d e   a  c o n t i n u o u s  

15  u p d a t e   of  c o n t r o l   d a t a   as  l o n g   as  a  p a r t i c u l a r   f u n c t i o n  
is   b e i n g   i n s t r u c t e d .  

Some  m a s t e r / s l a v e   n e t w o r k   a r c h i t e c t u r e s   u s e   a  
p o l l i n g   t e c h n i q u e .   T h i s   i s   c o n s i d e r e d   an  i m p r o v e m e n t  
o v e r   t r a d i t i o n a l   TDM  s y s t e m s   s i n c e   the   m a s t e r   c a n  

20  d y n a m i c a l l y   r e a s s i g n   t i m e   s l o t s .   H o w e v e r ,   a l l   n e t w o r k  
t r a n s a c t i o n s   a r e   d e p e n d e n t   on  a  m a s t e r   node   and  r e d u n d a n t  
m a s t e r   n o d e s   a r e   r e q u i r e d   i f   t h e   s y s t e m   is   to  be  r e l i a b l e .  

A  s i g n i f i c a n t   i m p r o v e m e n t   o v e r   Time  D i v i s i o n  
M u l t i p l e x   n e t w o r k s   is   p r o v i d e d   by  a  Bus  C o n t e n t i o n   ( B C )  

25  n e t w o r k   a r c h i t e c t u r e .   A  Bus  C o n t e n t i o n   n e t w o r k   i s  
c h a r a c t e r i z e d   by  a  u n i f i e d   s y s t e m   of  n o d e s ,   e a c h   c a p a b l e  
of  a c c e s s i n g   t h e   n e t w o r k   b a s e d   on  i t s   own  r e q u i r e m e n t s .  
T h e r e   a r e   no  " m a s t e r "   n o d e s ,   nor   any  d e p e n d e n c e   on  a n y  
p a r t i c u l a r   n o d e s   f o r   n e t w o r k   o p e r a t i o n .  

30  I n s t e a d   of  t h e   d e d i c a t e d   t i m e   s l o t s   u s e d   in  TDM, 
BC  n o d e s   have   an  " a d d r e s s "   by  w h i c h   t h e y   a r e   i d e n t i f i e d .  
T h i s   a d d r e s s   u n i q u e l y   i d e n t i f i e s   a  node  to  a l l   o t h e r  
p a r t s   of  the   n e t w o r k   s y s t e m .   C o n t r o l   m e s s a g e s   a r e  
d i r e c t e d   by  the   a d d r e s s   to  t h e   s p e c i f i c   n o d e   t h a t   i s  

3 5 r e s p o n s i b l e   f o r   a  p a r t i c u l a r   c o n t r o l   f u n c t i o n .  
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The  BC  s y s t e m   has  f a r   g r e a t e r   e f f i c i e n c y   t h a n  

TDM  s y s t e m s   b e c a u s e   n e t w o r k   a c t i v i t y   is   d i r e c t l y   r e l a t e d  

to  r e q u e s t s   f o r   a c t i v a t i o n .   The  bus  is  not.  b u r d e n e d   w i t h  

t h e   c o n s t a n t   r e p e t i t i o n   of  c o n t r o l   s i g n a l s   w h i c h   a r e   n o t  

5  a c t i v e .   M e s s a g e s   f l o w   b e t w e e n   t h e   n o d e s ,   as  n e e d e d ,  

w i t h o u t   t he   i n t e r v e n t i o n   of  a  m a s t e r   c o n t r o l l e r .   Such  a 

m e t h o d   a l l o w s   f o r   g r e a t e r   a d a p t a b i l i t y   and  e x p a n d a b i l i t y  

of  t he   n e t w o r k .   New  n o d e s   a r e   s i m p l y   c o n n e c t e d   to  t h e  

b u s .   No  r e a l l o c a t i o n   of  t i m e   s l o t s   i s   r e q u i r e d   a n d  

10  e x i s t i n g   n o d e s   a r e   not   a f f e c t e d .  

A  r e q u i r e m e n t   f o r   t h e   BC  t y p e   of  n e t w o r k  

a r c h i t e c t u r e   is   f o r   m e d i a   a c c e s s   r e s o l u t i o n .   B e c a u s e   a l l  

n o d e s   a r e   c a p a b l e   of  n e t w o r k   a c c e s s   ( i . e . .   " t r a n s m i t t i n g " )  

b a s e d   on  t h e i r   i n d i v i d u a l   n e e d s ,   a  m e t h o d   of  r e s o l v i n g  

15  c o n f l i c t s   a r i s i n g   f rom  s i m u l t a n e o u s   t r a n s m i t t e r  

a c t i v a t i o n s   iB  r e q u i r e d .   S e v e r a l   d i f f e r e n t   s o l u t i o n s   a r e  

in  w i d e s p r e a d   u s e   f o r   L o c a l   Area   N e t w o r k   (LAN) 

a p p l i c a t i o n s .   CSMA/CD  ( C a r r i e r   S e n s e   M u l t i p l e   c e s s  

w i t h   C o l l i s i o n   D e t e c t i o n )   and  T o k e n   P a s s i n g   s c h e   aes  a r e  

20  mos t   common.  T h e s e ,   h o w e v e r ,   a r e   o p t i m i z e d   f o r  

p h y s i c a l l y   ( and   e l e c t r i c a l l y )   l a r g e   n e t w o r k s   w h e ^  

m e s s a g e   p r o p a g a t i o n   d e l a y   b e t w e e n   n o d e s   i s   l a r g e .  

C o l l i s i o n s   o f t e n   a r e   no t   d e t e c t e d   u n t i l   b o t h   t r a n s m i t t e r s  

a r e   w e l l   i n t o   t h e i r   i n d i v i d u a l   m e s s a g e   s e q u e n c e s .   An 

25  " a b o r t   and  r e t r y "   s cheme   is   u s e d   to  r e s o l v e   t he   c o n f l i c t ,  

w h e r e b y ,   b o t h   m e s s a g e s   a r e   a b o r t e d   and  b o t h   t r a n s m i t t e r s  

mus t   make  a t t e m p t s   to  r e t r a n s m i t   a t   a  l a t e r   t i m e .  

A  d i f f e r e n t   and  more  e f f i c i e n t   m e t h o d   of  m e s s a g e  

c o l l i s i o n   r e s o l u t i o n   has  been   f o u n d   to  be  s u i t a b l e   f o r  

30  s m a l l   n e t w o r k s .   I t   is  c a l l e d   t h e   " b i t - w i s e   c o n t e n t i o n  

r e s o l u t i o n "   t e c h n i q u e .   An  e x a m p l e   is   t h e  

P h i l i p s / S i g n e t i c s   D  B  n e t w o r k   p r o t o c o l   as  d i s c l o s e d   i n  

"The  D  B  a  One  L o g i c a l   Wire   Bus  f o r   C o n s u m e r  

A p p l i c a t i o n s " ,   by  C.  II.  K a p l i n s k y ,   et  a l . .   IEEE 
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T r a n s a c t i o n s   on  Corosumer  E l e c t r o n i c s .   V o l .   C E - 2 7 ,   F e b .  

1981.   pg.  1 0 2 - 1 1 6 ;   " S e r i a l   Bus  S t r u c t u r e s   f o r   A u t o m o t i v e  

A p p l i c a t i o n s " ,   by  A.  J .   B o z z i n i ,   e t   a l . .   SAE  T e c h n i c a l  

P a p e r   S e r i e s   No.  B 3 0 5 3 6 .   F e b .   28.  19B3:  and  "A  S m a l l   A r e a  

5  N e t w o r k   f o r   C a r s " ,   by  R.  L.  M i t c h e l l .   SAE  T e c h n i c a l   P a p e r  

S e r i e s   No.  8 4 0 3 1 7 .   F e b .   1 9 8 4 .  

The  D  B  m e t h o d   r e l i e s   on  s m a l l   n e t w o r k  

p r o p a g a t i o n   d e l a y s ,   b e i n g   much  l e s s   t h a n   a  s i n g l e   b i t  

p e r i o d .   For   a  g i v e n   s i z e   n e t w o r k ,   t h i s   p l a c e s   an  u p p e r  

10  bound  on  t h e   p o t e n t i a l   f r e q u e n c y   r e s p o n s e   or  b i t   r a t e   o f  

the   n e t w o r k .   B e c a u s e   t h e   n e t w o r k   " l o o k s "   s m a l l  

e l e c t r i c a l l y ,   e ach   b i t   of  a  m e s s a g e   e x i s t s   a t   a l l   p o i n t s  

on  the   n e t w o r k   s i m u l t a n e o u s l y .   Each   t r a n s m i t t e r ,  

t h e r e f o r e ,   i s   aware   of  n e t w o r k   a c t i v i t y   on  a  b i t - b y - b i t  

15  b a s i s   in  r e a l   t i i u e .   T h i s   a l l o w s   a  t e c h n i q u e   of  m e s s a g e  

a r b i t r a t i o n   w h i c h   r e s o l v e s   c o n f l i c t s   "on  t h e   f l y " .  

M e s s a g e s   a r e   no t   d e s t r o y e d   in  t h e   a r b i t r a t i o n   p r o c e s s ;  

r a t h e r ,   t h e   n e t w o r k   " s e e s "   one  of  t h e   c o n f l i c t i n g  

m e s s a g e s   as  b e i n g   v a l i d .   The  l o s i n g   t r a n s m i t t e r   d e t e c t s  

20  t h i s   and  t r i e s   a g a i n   as  s o o n   as  t h e   f i r s t   m e s s a g e   h a s  

p a s s e d .  

The  g e n e r a l   BC  n e t w o r k   a r c h i t e c t u r e   d e s c r i b e d  

a b o v e ,   w h e r e   each   node  has   a  u n i q u e   a d d r e s s ,   i s  

c h a r a c t e r i z e d   by  m e s s a g e s   w h i c h   have   s p e c i f i c   t r a n s m i t  

25  o r i g i n s   and  r e c e i v e   d e s t i n a t i o n s .   T h e s e   " n o d e - t o - n o d e "  

m e s s a g e s   c o n t a i n   s p e c i f i c   r e f e r e n c e s   to  t h e   p h y s i c a l  

a d d r e s s   of  b o t h   t he   t r a n s m i t t e r   and  r e c e i v e r ,   a l o n g   w i t h  

a  d a t a   f i e l d   w h i c h   c o n t a i n s   an  e n c o d e d   d e s c r i p t i o n   of  a  

p a r t i c u l a r   a c t i v i t y   to  t a k e   p l a c e .   W h i l e   BC  n e t w o r k  

30  c o n f i g u r a t i o n s   a r e   a  s i g n i f i c a n t   i m p r o v e m e n t   o v e r   TDM 

s y s t e m s ,   t h e r e   a r e   s t i l l   a s p e c t s   of  n e t w o r k   o p e r a t i o n s  

u n i q u e   to  a u t o m o t i v e   r e q u i r e m e n t s   w h i c h   a r e   n o t  

c o m p l e t e l y   a d d r e s s e d   by  t h e   n o d e - t o - n o d e   s c h e m e s .  
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A c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n ,   t h e r e   is   p r o v i d e d  

a  c o r d o n   d a t a   bus   ( 2 0 ) ;  

a  p l u r a l i t y   of  c o m m u n i c a t i o n   c o n t r o l   n o d u l e s  

(30 ,32 ,34 ,38 )   each  connec ted   to  said  data  bus  (20)  and  each  c o n t a i n i n g  

5  means  (32E,  38B)  for  r e c e i v i n g   and  means  (32D,  38D)  for  t r a n s m i t t i n g  

data  messages  from  or  to  o the r   con t ro l   modules  on  said  corTrron  d a t a  

b u s ;  
each  con t ro l   nodule  i nc ludes   means  (32N,  38N)  f o r  

f o r m a t t i n g   d a t a   m e s s a g e s   f o r   t  ;a  nsnii  1  1  5  ng  on  s a i d   common 

2Q  d a t a   bus  i n t o   one  of  at   l e a s t   tvo   t y p e s   of  n.eEEageB  e a c h  
of  w h i c h   i n c l u d e s   in  s e q u e n c e ,   a  common  but  u n i q u e   START 

s i g n a l   of  a  pr  ede t   t  i  mi  ned  f i e l d   l e n g t h   to  i n d i c a t e   t h e  
E t a r t   of  a  d a t a   meEEage   t r a n s m i s s i o n ,   a  PRIORITY  E i g n a l  
of  a  s e c o n d   p r e d e t e r m i n e d   f i e l d   l e n g t h   to  i n d i c a t e   t h e  

15  code   of  t h e   r e l a t i v e   d e g r e e   of  p r i o r i t y   t he   f  or  <  i t t e d  
d a t a   n . e E s a g e   has  f o r   t r a n s m i s s i o n   on  a  pr  e d e t e r i i ;   a e d  

h i e r a r c h y   of  p r i o r i t y ,   a  TYPE  CONTROL  s i g n a l   of  a  t h i r d  

p r e d e t e r m i n e d   f i e l d   l e n g t h   to  i n d i c a t e   the   code  ct  w h i c h  
of  s a i d   at  l e a s t   two  t y p e s   of  d a t a   n e s E a g e s   b e i n g  

20  f o r m a t t e d   f o r   t r a n s m i s s i o n ,   a  FUNCTION  or  RECEIVER 
ADDRESS  s i g n a l   of  a  f o u r t h   p r e d e t e r m i n e d   f i e l d   l e n g t h  
i n d i c a t i n g   the   code   of  t h e   f u n c t i o n   to  be  p e r f o r m e d   b y  
o t h e r   c o n t r o l   m o d u l e s   c o n n e c t e d   to  e a i d   d a t a   bus  or  t h e  
u n i q u e   a d d r e s s   of  a  s p e c i f i c   c o n t r o l   m o d u l e   i n t e n d e d   t o  

2  5  r e c e i v e   t h e   d a t a   m e s s a g e ;   a n d  

means  (32C,38C)  for  s t o r i n g   the  unique  address  of  i t s  

c o r r e s p o n d i n g   con t ro l   module  and  f unc t i on   codes  of  the  s p e c i f i c  

prederrnined  f u n c t i o n s   c o n t r o l l e d   by  the  said  co r re spond ing   c o n t r o l  

n o d u l e .  
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The  p r o t o c o l   e m p l o y e d   by  t h e   p r e s e n t   i n v e n t i o n  

a l l o w s   e a c h   node  to   be  t r e a t e d   as  e q u a l   p a r t i c i p a n t s   o n  

t h e   n e t w o r k   s i n c e   t h e r e   a r e   no  s p e c i f i c   t r a n s m i t t e r s ,  

r e c e i v e r s ,   or   t i m i n g   m a s t e r s .   In  t h i s   s y s t e m ,   a l l   n o d e s  

5  a r e   c a p a b l e   of  r e c e i v i n g   and   i n i t i a t i n g   c o m m a n d s ,   a n d  

i n f o r m a t i o n a l   d a t a   t r a n s f e r s   on  e i t h e r   a  n o d e - t o - n o d e  

b a s i s   or  a  g l o b a l   n e t w o r k   t r a n s m i s s i o n   b a s i s .  

The  p r e s e n t   i n v e n t i o n   u t i l i z e s   a  d i s t r i b u t e d  

c o n t r o l   e n v i r o n m e n t   w h e r e b y   a n y   c o n t r o l   m o d u l e  

10  p r o g r a m m e d   as   h a v i n g   t h e   a b i l i t y   t o   m a k e   g l o b a l  

( b r o a d c a s t )   t r a n s m i s s i o n   of  f u n c t i o n a l   c o m m a n d s   a c r o s s  

t h e   n e t w o r k   may  do  so  and   o t h e r   c o n t r o l   m o d u l e s   t h a t   a r e  

p r o g r a m m e d   to  r e c e i v e   s u c h   f u n c t i o n a l   c o m m a n d s   r e c e i v e ,  

a c k n o w l e d g e   a n d   a c t   on  t h e   t r a n s m i t t e d   f u n c t i o n a l  

15  c o m m a n d s .  

In  t h e   p r e s e n t   i n v e n t i o n ,   e a c h   f u n c t i o n   or   d a t a  

m e s s a g e   i n c l u d e s   an  i n d e p e n d e n t   p r i o r i t y   f i e l d   w h e r e i n  

e a c h   t y p e   of   m e s s a g e   t h a t   i s   a l l o w e d   t o   be  t r a n s m i t t e d  

i s   i d e n t i f i e d   a c c o r d i n g   t o   as   p r e d e t e r m i n e d   p r i o r i t y  

20  h i e r a r c h y   f o r   bus  a c c e s s .   The  p r i o r i t y   f i e l d   g u a r a n t e e s  

n e t w o r k   a c c e s s   in  l e s s   t h a n   one  m a s s a g e   p e r i o d   f o r   h i g h  

p r i o r i t y   m e s s a g e s .   H i g h   p r i o r i t y   f u n c t i o n s   on  a n  

a u t o m o t i v e   v e h i c l e   may  b e ,   f o r   e x a m p l e ,   a  f u n c t i o n a l  
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coramand  f rom  t h e   c o n t r o l   m o d u l e   m o n i t o r i n g   b r a k e   p e d a l   t o  

t he   c o n t r o l   m o d u l e s   w h i c h   a r e   p r e p r o g r a m m e d   to  r e s p o n d   t o  

" b r a k e   l i g h t   on"  f u n c t i o n a l   commands   and  t u r n   on  t h e  

b r a k e   l i g h t s .   T y p i c a l l y ,   l e s s e r   bu t   a l s o   h i g h   p r i o r i t y  

5  f u n c t i o n   commands   wou ld   i n v o l v e   t h e   s w i t c h i n g   on  o f  

h e a d l a m p s ,   t h e   d i m m i n g   of  h i g h   beam  h e a d l a m p s ,   t h e  

a c t u a t i o n   of  d o o r   l o c k s   and  t h e   a c t u a t i o n   of  a  h o r n .  

The  p r e s e n t   i n v e n t i o n   i n c r e a s e s   t he   m e s s a g e  

t r a n s m i s s i o n / r e c e p t i o n   r e l i a b i l i t y   by  p r o v i d i n g   f o r   a  

10  f u l l y   a c k n o w l e d g e d   c o m m u n i c a t i o n   p r o t o c o l .   In  t h i s  

s y s t e m ,   e a c h   m e s s a g e   p e r i o d   i n c l u d e s   a  p o s i t i v e  

a c k n o w l e d g m e n t   p o r t i o n   t h r o u g h   w h i c h   e a c h   r e c e i v i n g  

c o n t r o l   m o d u l e   w i l l   p r o v i d e   i t s   u n i q u e   a d d r e s s   on  t h e  

d a t a   b u s .   In  t h i s   way.  a  s y s t e m w i d e   h a n d s h a k i n g  

15  t e c h n i q u e   g i v e s   p o s i t i v e   i n d i c a t i o n   to   t h e   t r a n s m i t t i n g  

m o d u l e   t h a t   t h e   m e s s a g e   was  r e c e i v e d   and  t h e   i d e n t i t y   o f  

e a c h   r e c e i v e r .  

E a c h   m e s s a g e   s e n t   on  the   s y s t e m   is   i i r o  

p r o t e c t e d   by  a  m e s s a g e - w i d e   c h e c k s u m   f o r   e r r o r  

20  d e t e c t i o n .   The  c h e c k s u m   i s   t r a n s m i t t e d   as  p a r t   of  t h e  

m e s s a g e   and  r e c e i v e r   a c k n o w l e d g m e n t s   a r e   o n l y   made  a f t e r  

t h e   c h e c k s u m s   a c c u m u l a t e d   by  the   r e c e i v e r   and  in  t h e  

r e c e i v e d   m e s s a g e   a r e   c o m p a r e d   and  f o u n d   to  c o r r e s p o n d .  

The  r e c e i v e r   a c k n o w l e d g m e n t s   a r e   p r o t e c t e d   by  a  p a r i t y  

25  b i t   to  f o r c e   t h e   r e c e i v e r   a d d r e s s   to  a  p r e d e t e r m i n e d   o d d  

or  e v e n   s u m .  

M e s s a g e   c o n t e n t i o n   on  t h e   n e t w o r k   bus  is  h a n d l e d  

on  a  b i t - w i s e   c o n t e n t i o n   b a s i s .   T h e r e f o r e ,   f o r   e v e r y  

c o l l i s i o n   of  m e s s a g e s   on  t h e   n e t w o r k ,   t h e   one  w i t h   t h e  

30  h i g h e s t   p r i o r i t y   w i l l   win  and  c o n t i n u e   to  be  t r a n s m i t t e d .  

No  bus  t i m e   i s   l o s t   due  to  c o l l i s i o n s ,   b e c a u s e   e a c h  

m e s s a g e   t y p e   i s   a r b i t r a t e d   on  a  b i t - b y - b i t   b a s i s   f o r   e a c h  

b i t   t r a n s m i t t e d   on  the   bus  and  the   d o m i n a n t   b i t  

p r e v a i l s .   T h i s   way,  a  v a l i d   m e s s a g e   w i l l   be  t r a n s m i t t e d  

35  w h i l e   t h e   l o w e r   p r i o r i t y   m e s s a g e   is   i n h i b i t e d   f r o m  
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f u r t h e r   t r a n s m i s s i o n .   The  l o s i n g   t r a n s m i t t e r   s i m p l y  
w a i t s   u n t i l   t h e   h i g h e r   p r i o r i t y   m e s s a g e   is  f i n i s h e d  
b e f o r e   a t t e m p t i n g   to  t r a n s m i t .   T h e r e f o r e ,   t h e   p r e s e n t  
i n v e n t i o n   a l l o w s   f o r   100%.  bus  u t i l i z a t i o n   d u r i n g   h i g h  

5  t r a f f i c   p e r i o d s .  

The  i n v e n t i o n   wi l l   now  be  d e s c r i v e d   f u r t h e r   by  way 
of  exanp le   with  r e f e r e n c e   to  the  accompanying  drawings  in  wh ich :  

F i g u r e   1  is  a  c o n c e p t u a l   d r a w i n g   of  t h e   p r e s e n t  
i n v e n t i o n   as  i n t e n d e d   f o r   a  t y p i c a l   i n s t a l l a t i o n   in  a n  
a u t o m o t i v e   v e h i c l e .   j 

10  F i g u r e   2  is  a  more   d e t a i l e d   d i a g r a m   of  a  p a i r   of  
' 

a c c e s s o r y   c o n t r o l   m o d u l e s   c o n n e c t e d   to  t h e   d a t a   buB  s h o w n  
in  F i g u r e   1 .  

F i g u r e   3  i l l u s t r a t e s   t he   b a s i c   m e s s a g e   f o r m a t .  
F i g u r e   4  i l l u s t r a t e s   t h e   f u n c t i o n   c o m m a n d  

15  m e s s a g e   f o r m a t   w i t h   m u l t i p l e   r e c e i v e r s   a c k n o w l e d g i n g   a s  
e m p l o y e d   in   t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   5  i l l u s t r a t e s   a  f u n c t i o n   d a t a   t r a n s f e r   : 

m e s s a g e   f o r m a t ,   as  e m p l o y e d   in  t he   p r e s e n t   i n v e n t i o n .  

F i g u r e   6  i l l u s t r a t e s   a  n o d e - t o - n o d e   d a t a  
20  t r a n s f e r   m e s s a g e   f o r m a t ,   as  e m p l o y e d   in  t h e   p r e s e n t  

i n v e n t i o n .  

F i g u r e   7  e x e m p l i f i e s   t he   m e t h o d   of  p r o v i d i n g  
c h e c k s u m   g e n e r a t i o n   f o r   e a c h   m e s s a g e .   i 

F i g u r e   8  is  a  w a v e f o r m   d i a g r a m   i l l u s t r a t i n g   a  
' 

25  " z e r o "   b i t   s i g n a l .   i 

F i g u r e   9  is  a  w a v e f o r m   d i a g r a m   i l l u s t r a t i n g   a 
" o n e "   b i t   s i g n a l .  

F i g u r e   10  is   a  w a v e f o r m   d i a g r a m   i l l u s t r a t i n g   a  
" s t a r t "   b i t   s i g n a l .  

30  F i g u r e   11  i l l u s t r a t e s   the   b i t w i s e   m e s s a g e  
a r b i t r a t i o n   as  i t   o c c u r s   in  t he   p r e s e n t   i n v e n t i o n .  

F i g u r e   12  is  a  f l o w   d i a g r a m   of  a  c o n t r o l  
p r o c e s s o r   in   i t s   p o w e r - u p   and  i d l e   s t a t e .  
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F i g u r e   1 3 A - 1 3 C   p r o v i d e   a  f l o w   d i a g r a m   of  a 

c o n t r o l   p r o c e s s o r   r e c e i v e   m e s s a g e   r o u t i n e ,  

F i g u r e   14  is  a  f l o w   d i a g r a m   of  a  c o n t r o l  

p r o c e s s o r   r e c e i v e   m e s s a g e   l o o k u p   r o u t i n e .  

5  F i g u r e   15  is  a  f l o w   d i a g r a m   of  a  c o n t r o l  

p r o c e s s o r   t r a n s m i t   a c k o w l e d g r a e n t   r o u t i n e .  

F i g u r e s   16A  and  16B  p r o v i d e   a  f l o w   d i a g r a m   of  a  

c o n t r o l   p r o c e s s o r   m e s s a g e   t r a n s m i t   r o u t i n e .  

F i g u r e   17  is   a  f l o w   d i a g r a m   of  a  c o n t r o l  

10  p r o c e s s o r   r e c e i v e   m e s s a g e   a c k n o w l e d g m e n t   r o u t i n e .  

F i g u r e   18  is   a  f l o w   d i a g r a m   of  a  c o n t r o l  

p r o c e s s o r   node  c o m m u n i c a t i o n   r o u t i n e .  

D e t a i l e d   D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t  

The  p r e s e n t   i n v e n t i o n   i s   v i e w e d   as  b e i n g   i d e a l l y  

15  s u i t e d   f o r   i n s t a l l a t i o n   in  an  a u t o m o t i v e   v e h i   Te.  s u c h   a s  

t h a t   shown  in  F i g u r e   1.  In  t h e   v e h i c l e   10,  ai,  e n g i n e   12  

is   shown  in  o r d e r   to  g i v e   p e r s p e c t i v e   to  t h e   o v e r a l l  

l a y o u t   of  t he   v e h i c l e   w i t h   r e s p e c t   to  t he   p r e s t n . .  
i n v e n t i o n .   The  d a t a   c o m m u n i c a t i o n   s y s t e m   is   shown  a s  

20  u t i l i z i n g   a  s i n g l e   d a t a   bus  c o m m u n i c a t i o n   l i n k   20  t h a t   i s  

r o u t e d   to  v a r i o u s   c o n t r o l   m o d u l e s   a r o u n d   t h e   v e h i c l e .   I n  

t h i s   i n s t a n c e ,   a  t w i s t e d   w i r e   med ium  is  u s e d   as  t he   d a t a  

bus  20.  H o w e v e r ,   i t   i s   f o r e s e e n   t h a t   o t h e r   t r a n s m i s s i o n  

m e d i u m s   s u c h   as  f i b e r   o p t i c s ,   a c o u s t i c a l   c a r r i e r s   o r  
25  c o a x i a l   c a b l e s   may  be  s u b s t i t u t e d .  

In  F i g u r e   1,  a  c o n t r o l   m o d u l e   30  is   i l l u s t r a t e d  

as  b e i n g   l o c a t e d   a t   t h e   f o r w a r d   r i g h t   c o r n e r   of  t h e  

v e h i c l e .   The  c o n t r o l   m o d u l e   30  is   i n t e n d e d   to  r e c e i v e  

f u n c t i o n a l   commands   and  c o n t r o l   t h e   o p e r a t i o n   o f  

30  h e a d l a m p s ,   p a r k i n g   l a m p s ,   h i g h b e a m s ,   t u r n   s i g n a l s .  

w a r n i n g   f l a s h e r   l a m p s   and  a  h o r n   l o c a t e d   in  t h a t   g e n e r a l  

a r e a   of  t he   v e h i c l e .   C o r r e s p o n d i n g l y ,   a  c o n t r o l   m o d u l e  
32  in  t he   f o r w a r d   l e f t   p o r t i o n   of  t h e   v e h i c l e   f u n c t i o n s  
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in  a  m a n n e r   s i m i l a r   to  c o n t r o l   m o d u l e   30  to  p r o v i d e  
c o n t r o l   of  t he   v a r i o u s   l amps   at   t h a t   l o c a t i o n .   C o n t r o l  
m o d u l e   34  r e s i d e s   on  or  c l o s e   to  t h e   e n g i n e   12  so  as  t o  
p r o v i d e   i n f o r m a t i o n   f rom  s u c h   e n g i n e   m o u n t e d   s e n s o r s   a s  

5  o i l   l e v e l ,   w a t e r   t e m p e r a t u r e   and  e n g i n e   s p e e d   to  t h e   d a t a  
bus  f o r   t r a n s m i s s i o n   to  o t h e r   c o n t r o l   m o d u l e s   c o n n e c t e d  
t h e r e t o .   C o n t r o l   m o d u l e   36  is   l o c a t e d   in  t h e   a r e a   of  t h e  
i n s t r u m e n t   p a n e l   of  t he   v e h i c l e   10  in  o r d e r   to  c o n t r o l  
i n s t r u m e n t   l i g h t i n g   and  p r o v i d e   a p p r o p r i a t e   i n f o r m a t i o n  

10  to  i n s t r u m e n t s   t h e r e o n   r e g a r d i n g   t h e   v a r i o u s   s e n s e d  
o p e r a t i o n a l   p a r a m e t e r s   w i t h i n   t h e   v e h i c l e .   C o n t r o l  
m o d u l e   38  is  shown  c o n n e c t e d   to  t h e   s t e e r i n g   c o l u m n   o f  
the   v e h i c l e   10  and  is  i n t e n d e d   to  have   i n p u t s   f r o m  
v a r i o u s   a s s o c i a t e d   s w i t c h e s   to  c o n t r o l   many  of  t h e  

15  f u n c t i o n s   w h i c h   t a k e   p l a c e   in  t h e   v e h i c l e .   For   i n s t a n c e ,  
h e a d l i g h t s ,   p a r k i n g   l i g h t s ,   t u r n   s i g n a l s   and  h o r n  
a c t u a t i o n   wou ld   mos t   l i k e l y   be  c o n t r o l l e d   by  s w i t c h e s  
c o n n e c t e d   to  t h e   c o n t r o l   m o d u l e   38.  A  b r a k e   p e d a l   s e n s o r  
s w i t c h   may  be  c o n n e c t e d   to  e i t h e r   c o n t r o l   m o d u l e   36  or  38  

20  d e p e n d i n g   upon   t he   v e h i c l e   c o n f i g u r a t i o n .   C o n t r o l  
m o d u l e s   40.  42.  50  and  52  a r e   shown  as  l o c a t e d   in  t h e  
d o o r s   of  t he   v e h i c l e   10  to  p r o v i d e   i n t e r c o n n e c t i o n   to  t h e  
v a r i o u s   window  r a i s i n g   and  l o w e r i n g   m o t o r s ,   t h e   d o o r   l o c k  
a c t u a t o r s ,   door   o p e n / c l o s e   s e n s o r   s w i t c h e s ,   c o n v e n i e n c e  

25  l i g h t i n g   and  in  t he   c a s e   of  t he   c o n t r o l   m o d u l e s   40  a n d  
52  on  t h e   f r o n t   d o o r s ,   power   s e a t   c o n t r o l   s w i t c h e s .   T h e  
c o n t r o l   m o d u l e   54  is  shown  as  b e i n g   l o c a t e d   c e n t r a l   t o  
t h e   v e h i c l e ,   p e r f e r a b l y   u n d e r   t h e   f r o n t   s e a t s   of  t h e  
v e h i c l e   in  o r d e r   to  s u p p l y   c o n t r o l   i n f o r m a t i o n   to  t h e  

30  s e a t   a d j u s t m e n t   m o t o r s   and  s e a t b e l t   c o n n e c t i o n   s e n s o r s .  
C o n t r o l   m o d u l e s   46  and  48  a r e   shown  as  l o c a t e d   i n  
o p p o s i t e   c o r n e r s   at  t he   r e a r   of  v e h i c l e   10  in  o r d e r   t o  
c o n t r o l   t h e   f u n c t i o n a l   o p e r a t i o n   of  t he   v a r i o u s   l a r apB  
l o c a t e d   a t   the   r e a r   of  t he   v e h i c l e   i n c l u d i n g   s t o p   l i g h t s .  
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back   up  l i g h t s ,   r u n n i n g   l i g h t s ,   t u r n   s i g n a l s ,   e m e r g e n c y  

f l a s h e r s   and  to  p r o v i d e   f u e l   l e v e l   s e n s o r   i n f o r m a t i o n   t o  

t h e   d a t a   b u s .  

W h i l e   t he   a b o v e   d e s c r i b e d   f u n c t i o n s   a r e  

5  e x e m p l a r y   of  t h o s e   c a p a b l e   of  b e i n g   h a n d l e d   by  t h e  

c o m m u n i c a t i o n   s y s t e m   of  t he   p r e s e n t   i n v e n t i o n ,   i t   s h o u l d  

be  s e e n   t h a t   t h e   s y s t e m   is  f l e x i b l e   e n o u g h   to  a c c o m m o d a t e  

a d d i t i o n a l   c o n t r o l   m o d u l e s   or  a d d e d   f u n c t i o n s   to  p r e s e n t  

m o d u l e s ,   i n c l u d i n g   d i a g n o s t i c   c a p a b i l i t i e s   w i t h o u t  

10  r e p r o g r a m r c i n g   t he   u n a f f e c t e d   c o n t r o l   m o d u l e s .  

The  f o l l o w i n g   d i s c u s s i o n   c o n c e r n s   t h e   p r o t o c o l  

e m p l o y e d   by  t h e   p r e s e n t   i n v e n t i o n   and  i l l u s t r a t e s   t h e  

u n i q u e   f l e x i b i l i t y   to  a c c o m m o d a t e   s u c h   m o d i f i c a t i o n s .  

F i g u r e   2  is   an  e x a m p l e   of  a  r e l a t i o n s h i p   of  t w o  

15  c o n t r o l   m o d u l e s   32  and  38  c o n n e c t e d   to  t h e   d a t a   bus  2 0 .  

In  a d d i t i o n ,   e a c h   c o n t r o l   m o d u l e   i s   c o n n e c t e d   to  a  p o w e r  

bus  22.  ( A l t h o u g h   t h e   power   bus  22  is   n o t   shown  i n  

F i g u r e   1,  i t   is   u n d e r s t o o d   t h a t   t h e   p o w e r   b  22  w o u l d  

run   t h r o u g h o u t   t h e   v e h i c l e   to  s u p p l y   t h e   n e c e s s a r y  
20  e l e c t r i c a l   power   to  t h e   v a r i o u s   a c c e s s o r i e s   t h n ' t   a r e  

c o n t r o l l e d   by  t he   c o n t r o l   m o d u l e s . )  

In  t h i s   e m b o d i m e n t ,   e a c h   w i r e   of  t h e   d a t a   bus  2 0  

is   b i a s e d   to  s e p a r a t e   p a s s i v e   l e v e l s .   A  f i r s t   w i r e   i s  

b i a s e d   t h r o u g h   a  r e s i s t e r   Rl  to  a  r e g u l a t e d   v o l t a g e  

25  s u p p l y   of  a p p r o x i m a t e l y   5  v o l t s .   The  o t h e r   w i r e   of  t h e  

d a t a   bus  20  is  b i a s e d   t h r o u g h   a  r e s i s t e r   R2  to  g r o u n d .  

T h e r e f o r e ,   in  t he   p a s s i v e   s t a t e ,   one  w i r e   is   a t  

a p p r o x i m a t e l y   5  v o l t s   DC  and  t h e   o t h e r   w i r e   a t   g r o u n d  

p o t e n t i a l .   A c c o r d i n g l y ,   when  a  l o g i c   b i t   s i g n a l   i s  

30  p l a c e d   on  the   d a t a   b u s ,   and  t h e   d a t a   bus  i s   e n e r g i z e d   t o  

i t s   d o m i n a t e   s t a t e   f o r   a  p e r i o d   of  t i m e ,   t h e   n o r m a l l y   5 

v o l t   b i a s e d   l i n e   w i l l   be  d r i v e n   to   a p p r o x i m a t e l y   g r o u n d  

p o t e n t i a l   and  t he   n o r m a l l y   z e r o   b i a s e d   l i n e   w i l l   b e  

d r i v e n   to  a p p r o x i m a t e l y   a  5  v o l t   l e v e l .   T h i s   t e c h n i q u e  
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a l l o w B   f o r   i n c r e a s e d   r e l i a b i l i t y   of  s i g n a l   t r a n s m i s s i o n  

and  r e c e p t i o n   v i a   d i f f e r e n t i a l   d r i v e r s   and  r e c e i v e r s .  

In  t h e   c o n f i g u r a t i o n   shown  in  F i g u r e   2.  e a c h  

c o n t r o l   m o d u l e   c o n t a i n s   an  i n t e r f a c e   c i r c u i t   321  ( 3 8 1 )  

5  w h i c h   i n c l u d e s   a  d i f f e r e n t i a l   d r i v e r   320  (38D)  and  a 

d i f f e r e n t i a l   r e c e i v e r   32B  ( 3 8 B ) .   Each  c o n t r o l   m o d u l e  

i n c l u d e s   a  c o n t r o l   p r o c e s s o r   32C  (38C)  and  n o d e  

p r o c e s s o r   . 
The  p r e s e n t   e m b o d i m e n t   of  t h e   i n v e n t i o n   u t i l i z e s  

10  I n t e l   8751  m i c r o c o m p u t e r s   f o r   r e s p e c t i v e   c o n t r o l   and  n o d e  

p r o c e s s o r s .   Of  c o u r s e   t h e   c o n t r o l   p r o c e s s o r ,   a s  

d e s c r i b e d   a b o v e ,   c o n t r o l s   t h e   n e t w o r k   c o m m u n i c a t i o n   t a s k s  

w h i l e   t he   node   p r o c e s s o r   c o n t r o l s   t he   l o c a l   t a s k s   o r  

f u n c t i o n s .   W h i l e   t he   c o n t r o l   m i c r o p r o c e s s o r s   on  t h e  

15  n e t w o r k   a l l   u t i l i z e   i d e n t i c a l   p r o g r a m m i n g   to  a c c o m p l i s h  

t he   n e t w o r k   c o n t r o l   t a s k ,   e a c h   c o n t a i n s   a  u n i q u e   a d d r e s s  

to  i d e n t i f y   t h a t   p a r t i c u l a r   c o n t r o l   m o d u l e   and  u n i q u e  

f u n c t i o n   c o d e s   s t o r e d   in  i t s   memory  t h a t   c o r r e s p o n d   t o  

t h e   p a r t i c u l a r   f u n c t i o n s   h a n d l e d   by  i t s   a s s o c i a t e d   n o d e  

20  p r o c e s s o r .   The  c o n t r o l   p r o c e s s o r ,   b e s i d e s   c o m m u n i c a t i n g  

w i t h   t he   n e t w o r k   t h r o u g h   t h e   i n t e r f a c e   c i r c u i t ,   a l s o  

c o m m u n i c a t e s   t h r o u g h   a  p a r a l l e l   i n t e r f a c e   w i t h   the   n o d e  

p r o c e s s o r   . 
The  node  p r o c e s s o r   i n t e r f a c e s   w i t h   v a r i o u s  

25  d e v i c e s   in  an  a r e a   of  i t s   p h y s i c a l   l o c a t i o n   t h r o u g h   i t s  

v a r i o u s   I /O  p o r t s   to  p r o v i d e   a p p r o p r i a t e   i n t e r c o n n e c t i o n  

to  t h e   power   bus  22.  R e s i d e n t   s o f t w a r e   in  e a c h   n o d e  

p r o c e s s o r   g i v e s   the   p a r t i c u l a r   p r o c e s s o r   a  s p e c i f i c  

" p e r s o n a l i t y "   s i n c e   e a c h   node   p r o c e s s o r   c o n t r o l s   o r  

30  r e s p o n d s   to  d i f f e r e n t   e l e m e n t s   in  t he   v e h i c l e .  

A r c h i t e c t u r a l l y ,   t h e   c o n t r o l   p r o c e s s o r   a p p e a r s  

to  t he   node  p r o c e s s o r   as  a  s e r i e s   of  r e a d / w r i t e   r e g i s t e r s  

w h i c h   c o n t a i n   v a r i o u r   s t a t u s   and  d a t a   i n f o r m a t i o n .   T h e  

node   p r o c e s s o r   i n i t i a l i z e s   and  p e r f o r m s   n e t w o r k   t r a n s -  

35  m i s s i o n s   by  w r i t i n g   i n f o r m a t i o n   to  t h o s e   r e g i s t e r s   a n d  
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r e c e i v e s   m e s s a g e s   by  r e a d i n g   o t h e r   r e g i s t e r s .   A l l  

r e g i s t e r   r e a d / w r i t e   o p e r a t i o n s   t a k e   p l a c e   o v e r   a  p a r a l l e l  

d a t a   bus  i n t e r c o n n e c t i n g   t h e   two  p r o c e s s o r s .   The  p r o c e s s  

f o r   r e a d i n g   and  w r i t i n g   t h o s e   r e g i s t e r s   is  c o o r d i n a t e d   b y  

5  t he   f o u r   c o n t r o l   l i n e s   d e s i g n a t e d   as  " d a t a / p o i n t e r " ,  

" r e a d / w r i t e " ,   " s t r o b e "   and  " b u s y " .   A l l   bu t   t he   busy   l i n e  

a r e   i n p u t s   to  t h e   c o n t r o l   p r o c e s s o r .   The  busy   l i n e   iB  

u s e d   to  i n d i c a t e   t h a t   t h e   c o n t r o l   p r o c e s s o r   is  o c c u p i e d  

p e r f o r m i n g   some  t a s k   r e l a t i v e   to  the  node   p r o c e s s o r  
10  i n t e r f a c e .   In  o r d e r   to   a c h i e v e   a  m e s s a g e   t r a n s m i s s i o n  

b e t w e e n   the   c o n t r o l   and  node   p r o c e s s o r s ,   t he   c o n t r o l  

p r o c e s s o r   r e c e i v e s   t h r o u g h   t h e   p a r a l l e l   i n t e r f a c e   to  t h e  

node   p r o c e s s o r ,   i n f o r m a t i o n ,   in  b y t e   f o r m ,   to  be  f o r m e d  

i n t o   t he   p r o t o c o l   f o r   t r a n s m i s s i o n   on  t h e   d a t a   bus  2 0 .  
15  The  c o n t r o l   p r o c e s s o r   i s   a l s o   r e s p o n s i b l e   f o r   r e c o g n i t i o n  

and  d e c o d i n g   of  f o r m a t t e d   m e s s a g e s   f rom  t h e   b u s .  

The  b a s i c   u n i t   of  c o m m u n i c a t i o n   in  t  *  n e t w o r k  

p r o t o c o l   of  t h e   p r e s e n t   i n v e n t i o n   is  t h e   m e e s & u .   f o r m a t .  

E a c h   m e s s a g e   is   i n t e n d e d   to  be  f rom  40  to  121  b i t s   l o n g ,  
20  d e p e n d i n g   on  t h e   m e s s a g e   t y p e .   For  a  f i v e   k i U   e r t z   b i t  

c l o c k   r a t e ,   t h e   m e s s a g e   p e r i o d   r e q u i r e s   f r o m   8 
m i l l i s e c o n d s   to  2 4 . 2   m i l l i s e c o n d s ,   d e p e n d i n g   upon   t h e  

m e s s a g e   l e n g t h .   T y p i c a l   m e s s a g e   p e r i o d s   a r e  

a p p r o x i m a t e l y   10  m i l l i s e c o n d s   l o n g ,   r e s u l t i n g   in  a  1 0 0  
25  m e s s a g e   per   s e c o n d   n e t w o r k   c a p a c i t y .   Of  c o u r s e ,  

u t i l i z i n g   a  h i g h e r   b i t   c l o c k   r a t e   wou ld   i n c r e a s e   t h e  

m e s s a g e   c a p a c i t y   of  t h e   n e t w o r k .  

The  p r e s e n t   i n v e n t i o n   u s e s   two  g e n e r a l   t y p e s   o f  

m e s s a g e s .   F i r s t ,   a  n o d e - t o - n o d e   t y p e   m e s s a g e   i s  
30  d e s i g n a t e d   w i t h   a  s p e c i f i c   t r a n s m i t t e r   and  r e c e i v e r  

a d d r e s s   c o n t a i n e d   in  t h e   m e s s a g e .   A  s e c o n d   g e n e r a l   t y p e  
of  r o e s s a g e   is  a  f u n c t i o n a l   m e s s a g e   w h i c h   is   i n t e n d e d   f o r  

g l o b a l   b r o a d c a s t   d i s t r i b u t i o n   on  the  n e t w o r k .   A  f i r s t  

t y p e   of  f u n c t i o n a l   m e s s a g e   is  t e r m e d   h e r e i n   as  a 
35  " f u n c t i o n a l   command"   m e s s a g e ,   w h e r e   t h e   e n t i r e   m e s s a g e   i s  
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t r a n s n i i t t e d   and  a c k n o w l e d g e d   as  r e c e i v e d   by  one  or  m o r e  

o t h e r   c o n t r o l   m o d u l e s   p r o g r a m m e d   to  r e c e i v e   t h e  

p a r t i c u l a r   f u n c t i o n   command  c o n t a i n e d   in  t h e   m e s s a g e .   A 

s e c o n d   t y p e   of  f u n c t i o n a l   m e s s a g e   is  t e r m e d   h e r e i n   as  a 

5  " f u n c t i o n a l   d a t a   t r a n s f e r "   m e s s a g e   w h i c h   is  an  e x p a n s i o n  

of  t h e   f u n c t i o n a l   command  m e s s a g e   to  i n c l u d e  

i n f o r m a t i o n a l   d a t a   f o l l o w i n g   t h e   r e c e i v e r   a c k n o w l e d g m e n t  

p o r t i o n   f o r   g l o b a l   d i s t r i b u t i o n   on  t he   n e t w o r k .  

F i g u r e   3  i l l u s t r a t e s   t he   b a s i c   m e s s a g e   f o r m a t   a s  
10  e m p l o y e d   in  t h e   p r e s e n t   i n v e n t i o n .   The  b a s i c   f o r m a t  

c o n t a i n s   a  m e s s a g e   d e s c r i p t o r   s e g m e n t   and  a  r e c e i v e r  

a c k n o w l e d g m e n t   s e g m e n t .   A  d a t a   s e g m e n t   may  a l s o   b e  

p r o v i d e d   in  c e r t a i n   t y p e s   of  m e s s a g e s   ( n o d e - t o - n o d e   a n d  

f u n c t i o n a l   d a t a   t r a n s f e r ) .   In  t he   m e s s a g e   d e s c r i p t o r  
15  s e g m e n t ,   a  u n i q u e   s t a r t   b i t   is   f i r s t   p r o v i d e d   f o l l o w e d   b y  

a  p r i o r i t y   c o d e .   The  p r i o r i t y   code   i s   u t i l i z e d   f o r  

m e s s a g e   a r b i t r a t i o n   on  a  b i t w i s e   b a s i s   and  w i l l   b e  

d i s c u s s e d   b e l o w   w i t h   r e s p e c t   to  F i g u r e   11.  F o l l o w i n g   t h e  

p r i o r i t y   c o d e ,   i s   a  t y p e   c o n t r o l   code   t h a t   i n d i c a t e s  

20  w h i c h   of  t he   two  g e n e r a l   t y p e s   of  m e s s a g e s   is  b e i n g  

t r a n s m i t t e d .   The  f o l l o w i n g   f i e l d   c o n t a i n s   e i t h e r   a  

f u n c t i o n   a d d r e s s   as  is   e m p l o y e d   in  t h e   b r o a d c a s t  

f u n c t i o n a l   m e s s a g e s   or  a  s p e c i f i c   r e c e i v e r   a d d r e s s   in  t h e  

e v e n t   t he   m e s s a g e   i s   a  t y p e   i n t e n d e d   f o r   n o d e - t o - n o d e  

25  c o m m u n i c a t i o n .   The  f o l l o w i n g   f i e l d   c o n t a i n s   t h e  

t r a n s m i t t e r   a d d r e s s   f o l l o w e d   by  a  m e s s a g e   c h e c k s u m   f i e l d .  

The  r e c e i v e r   a c k n o w l e d g m e n t   s e g m e n t   of  t h e   b a s i c  

m e s s a g e   f o r m a t   shown  in  F i g u r e   3  iB  e i t h e r   v a r i a b l e   i n  

l e n g t h ,   when  t h e   m e s s a g e   t y p e   is   a  b r o a d c a s t   f u n c t i o n a l  
30  t y p e   m e s s a g e   so  as  to  a c c o m m o d a t e   any  number   of  r e c e i v e r s  

a t t e m p t i n g   to  a c k n o w l e d g e   r e c e i p t   of  t h e   m e s s a g e ,   or  of  a  

f i x e d   l e n g t h ,   i f   t h e   t r a n s m i t t e d   m e s s a g e   is   a 

n o d e - t o - n o d €   t y p e   m e s s a g e   to  a c c o m m o d a t e   t h e  

a c k n o w l e d g m e n t   by  one  p a r t i c u l a r   r e c e i v e r   of  i t s   u n i q u e  
35  a d d r e s s .  
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The  d a t a   s e g m e n t   f o l l o w s   the   r e c e i v e r  

a c k n o w l e d g m e n t   s e g m e n t   in  t h e   e v e n t   t he   m e s s a g e   is   a 

n o d e - t o - n o d e   t y p e   or  a  f u n c t i o n a l   i n f o r m a t i o n   t y p e   a n d  

i n c l u d e s   a  s t r i n g   of  d a t a   up  to  a  p r e d e t e r m i n e d   l i m i t .  

5  The  p r e s e n t   i n v e n t i o n   has  t he   a d v a n t a g e   o f  

p r o v i d i n g   g l o b a l   n e t w o r k   m e s s a g e s   t h a t   can  r e p l a c e  

s e v e r a l   n o d e - t o - n o d e   m e s s a g e s .   On  t he   o t h e r   h a n d ,   w h e r e  

n o d e - t o - n o d e   m e s s a g e s   need   to  c a r r y   s e n s o r   i n f o r m a t i o n  

s u c h   as  e n g i n e   s p e e d ,   v e h i c l e   s p e e d   or  t e m p e r a t u r e   to  a  
10  s p e c i f i c   c o n t r o l   m o d u l e ,   s u c h   m e s s a g e s   a r e   a l s o  

a c c o m m o d a t e d .   In  t he   c a s e   of  a  m e s s a g e   f o r   t u r n i n g   on  o r  
o f f   e m e r g e n c y   f l a s h e r s   on  a  v e h i c l e ,   i t   is   s e e n   as  m o s t  

e f f i c i e n t   to  p r o v i d e   a  f u n c t i o n a l   command  t h a t   i s  

b r o a d c a s t   to   a l l   of  t he   c o n t r o l   m o d u l e s .   On ly   t h o s e  

15  c o n t r o l   m o d u l e s   c o n n e c t e d   to  t h e   l amps   w h i c h   s e r v e   a s  

e m e r g e n c y   f l a s h e r s   w i l l ,   of  c o u r s e ,   r e s p o n d   to  t h e  

f u n c t i o n a l   command  m e s s a g e   on  a  s i n g l e   t r a n s m i s s i o n   o f  

t h e   m e s s a g e .   Such  an  a c c o m m o d a t i o n   e l i m i n a t e s   t h e  

n e c e s s i t y   to   b r o a d c a s t   f o u r   s e p a r a t e   n o d e - t o - n c d < 3  
20  m e s s a g e s   to  c o n t r o l   t h e   f o u r   s e p a r a t e l y   l o c a t e d   a n d  

c o n t r o l l e d   f l a s h e r   l a m p s .  

In  o r d e r   to  p r o v i d e   a  s e c u r e   s y s t e m ,  

a c k n o w l e d g m e n t   mus t   be  a c c o m m o d a t e d .   S i n c e   t h e r e   is  a n  
u n s p e c i f i e d   n u m b e r   of  r e c e i v e r s   t h a t   w i l l   r e c e i v e   a n d  

25  r e s p o n d   to  a  p a r t i c u l a r   f u n c t i o n a l   t y p e   m e s s a g e ,   t h e  

p r e s e n t   s y s t e m   p r o v i d e s   f o r   a  v a r i a b l e   p e r i o d   in  t h e  
r e c e i v e r   a c k n o w l e d g m e n t   s e g m e n t   of  e a c h   m e s s a g e .  

The  f u n c t i o n   command  m e s s a g e   f o r m a t   i s   shown  i n  

F i g u r e   4  as  i n c l u d i n g   the   u n i q u e   s t a r t   s i g n a l   o c c u p y i n g   a  
30  two  b i t   f i e l d .   A  t h r e e   b i t   f i e l d   f o r   t h e   p r i o r i t y   s i g n a l  

f o l l o w s   t h e   s t a r t   s i g n a l   and  a  two  b i t   f i e l d   f o r   t h e  

c o n t r o l   s i g n a l   f o l l o w s   t he   p r i o r i t y   s i g n a l .   The  c o n t r o l  
s i g n a l   w i l l   i n d i c a t e   a  f u n c t i o n   command  t y p e   m e s s a g e  
b e i n g   t r a n s m i t t e d .   The  f o l l o w i n g   e l e v e n   b i t   f i e l d  

35  c o n t a i n s   a  g e n e r i c   f u n c t i o n   a d d r e s s   in  t he   f i r s t   s e v e n  
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b i t s   and  a  s p e c i f i c   f u n c t i o n   a d d r e s s   in  t h e   r e m a i n i n g  
f o u r   b i t s .   A  g e n e r i c   f u n c t i o n   m i g h t   a p p e a r   a s  
" h e a d l a m p s "   w h i l e   t h e   s p e c i f i c   f u n c t i o n   may  a p p e a r   a s  
"on"   or  " o f f " .   A n o t h e r   g e n e r i c   f u n c t i o n   command  m a y  

5  a p p e a r   as  " d o o r   l o c k s " -   w h i l e   t h e   a s s o c i a t e d   s p e c i f i c  
f u n c t i o n   may  a p p e a r   as  " l o c k "   or  " u n l o c k " .   F o l l o w i n g   t h e  
f u n c t i o n   command,   a  s e v e n   b i t   f i e l d   c o n v e y s   t h e  
t r a n s m i t t i n g   c o n t r o l   m o d u l e ' s   u n i q u e   a d d r e s s   w h i l e   t h e  
i m m e d i a t e l y   s u c c e e d i n g   s e v e n   b i t   f i e l d   i n c l u d e s   t h e  

10  m e s s a g e   c h e c k s u m   of  t h e   m e s s a g e .   F o l l o w i n g   t h e   end  o f  
t h e   m e s s a g e   c h e c k s u m ,   t h e   t r a n s m i t t i n g   c o n t r o l   m o d u l e  
r e v e r t s   to  i tB  r e c e i v e r   mode  of  o p e r a t i o n   to  a w a i t  
a c k n o w l e d g m e n t s   by  r e c e i v i n g   c o n t r o l   m o d u l e s   t h a t   a r e  
p r o g r a m m e d   to  r e s p o n d   to  t h e   f u n c t i o n   command  c o n t a i n e d  

15  in  t he   m e s s a g e .   A  r e c e i v e r   h a v i n g   t h e   h i g h e s t   p r i o r i t y  
u n i q u e   a d d r e s s   w i l l   p r e v a i l   as  t h e   f i r s t   to  a c k n o w l e d g e  
a n d ,   f o l l o w i n g   t h e   a p p r o p r i a t e   p r o t o c o l ,   any  o t h e r  
r e c e i v e r   t h a t   l o s t   ou t   in  a c c e s s i n g   t h e   bus  to  t r a n s m i t  
i t s   a c k n o w l e d g m e n t   a d d r e s s   w i l l   c h a n g e   t h e   e x c e p t i o n   b i t  

20  f r o m   a  p a s s i v e   s t a t e   to   a  d o m i n a n t   s t a t e   and  c o n t e n d   f o r  
t h e   bus  to  t r a n s m i t   i t s   u n i q u e   a d d r e s s   as  a n  
a c k n o w l e d g m e n t .   Such   a c k n o w l e d g m e n t   c o n t i n u e s   u n t i l   a l l  
r e c e i v e r s   of  t h e   f u n c t i o n   command  h a v e   a c k n o w l e d g e d  
r e c e i p t   and  t he   e x c e p t i o n   b i t   is   l e f t   a t   i t s   p a s s i v e  

25  s t a t e   f o r   one  b i t   l e n g t h .   At  t h e   end  of  t h e   e x c e p t i o n  
b i t   b e i n g   l e f t   in  a  p a s s i v e   s t a t e   f o r   one  b i t   l e n g t h ,   a n y  
o t h e r   c o n t r o l   m o d u l e   h a v i n g   a  m e s s a g e   to  be  s e n t   m a y  
a t t e m p t   to  a c c e s s   t h e   bus  by  p r o v i d i n g   a  s t a r t   b i t   a n d  
c o n t e n d i n g   f o r   t h e   t r a n s m i s s i o n   of  i t s   c o m p l e t e   m e s s a g e .  

30  The  f u n c t i o n   d a t a   t r a n s f e r   t y p e   m e s s a g e   shown  i n  
F i g u r e   5  is  v e r y   B i m i l a r   to  t h e   f u n c t i o n   command  m e s s a g e  
f o r m a t   shown  in  F i g u r e   4  e x c e p t   t h a t   a f t e r   t h e   r e c e i v e r  
a c k n o w l e d g m e n t   s e g m e n t   of  t h e   m e s s a g e   p e r i o d   is   u t i l i z e d ,  
t h e   t r a n s m i t t i n g   c o n t r o l   m o d u l e   r e v e r t s   back   to  i t s  

35  t r a n s m i t t i n g   mode  of  o p e r a t i o n   and  t r a n s m i t s   d a t a   i n  
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e i g h t   b i t   b y t e s .   An  end  of  d a t a   s i g n a l   is  f o l l o w e d   by  a 

d a t a   c h e c k s u m   s i g n a l   o c c u p y i n g   e i g h t   b i t s .  

The  n o d e - t o - n o d e   d a t a   t r a n s f e r   m e s s a g e   f o r m a t   i s  

shown  in  F i g u r e   6  and  d i f f e r s   f rom  the   f u n c t i o n   d a t a  

5  t r a n s f e r   m e s s a g e   shown  in  F i g u r e   5  by  p r o v i d i n g   a  

d i f f e r e n t   t y p e   s i g n a l   c o d e   in  t he   two  b i t   c o n t r o l   f i e l d  

and  a  s p e c i f i c   r e c e i v e r   a d d r e s s   in  t he   s e v e n   b i t   f i e l d  

f o l l o w i n g   t h e   c o n t r o l   f i e l d .   The  n o d e - t o - n o d e   d a t a  

t r a n s f e r   m e s s a g e   p r o v i d e s   fo r   a  s i n g l e   r e c e i v e r  

10  a c k n o w l e d g e   f i e l d   in  t h e   a c k n o w l e d g e   s e g m e n t   f o l l o w e d   b y  

a  n u m b e r   of  d a t a   b y t e   f i e l d s   of  e i g h t   b i t s   e a c h   in  t h e  

d a t a   s e g m e n t .  

A  t y p i c a l   need   f o r   a  n o d e - t o - n o d e   t y p e   m e s s a g e  

ruay  o c c u r   w h e r e   a  c o n t r o l   m o d u l e   52  is   c o n n e c t e d   t h r o u g h  
15  i t s   a s s o c i a t e d   node   p r o c e s s o r   to  a  s e t   of  power   w i n d o w  

c o n t r o l   s w i t c h e s   and  t h e   s w i t c h   a s s i g n e d   to  command  t h e  

m o v e m e n t   of  t h e   r i g h t   f r o n t   w i n d o w   is   a c t u a ,   d.  In  s u c h  

a  c a s e   t h e   m e s s a g e   w o u l d   be  s e n t   s p e c i f i c a l l y   to  c o n t r o l  

m o d u l e   40  w h i c h   is  a s s o c i a t e d   w i t h   t he   r i g h t   f r o n t   w i n d o w  
20  m o t o r .   In  t h a t   i n s t a n c e ,   t he   c o n t r o l   f i e l d   w n : i d  

i n d i c a t e   a  n o d e - t o - n o d e   t y p e   m e s s a g e   is   b e i n g   s e n t ,   t h e  

u n i q u e   a d d r e s s   of  t h e   c o n t r o l   m o d u l e   40  w o u l d   o c c u p y   t h e  

r e c e i v e r   f i e l d   and  t he   d a t a   f i e l d   w o u l d   c o n t a i n  

i n s t r u c t i o n s   to  move  t h e   s p e c i f i c   w i n d o w   up  or  d o w n .  

25  The  c h e c k s u m   g e n e r a t i o n   m e t h o d   is   shown  i n  

F i g u r e   7  w h e r e i n   t h e   b i n a r y   v a l u e s   of  t h e   p r i o r i t y   f i e l d ,  

t h e   c o n t r o l   f i e l d ,   t h e   f u n c t i o n   f i e l d s   and  t h e  

t r a n s m i t t e r   a d d r e s s   f i e l d s   a r e   summed  to  p r o v i d e   a  u n i q u e  

b i n a r y   n u m b e r   w h i c h   is  i n c l u d e d   by  the   t r a n s m i t t i n g  
30  c o n t r o l   m o d u l e   in  t h e   m e s s a g e   c h e c k s u m   f i e l d .  

A c c o r d i n g l y ,   a  r e c e i v i n g   c o n t r o l   m o d u l e   can   c o m p a r e   t h e  

t r a n s m i t t e d   m e s s a g e   c h e c k s u m   r e c e i v e d   w i t h   t he   b i n a r y  

s i g n a l s   i t   has   a c c u m u l a t e d   to  d e t e r m i n e   w h e t h e r   or  n o t  

t h e   r e c e i v e d   m e s s a g e   c o r r e s p o n d s   to  t he   m e s s a g e  
35  t r a n s m i t t e d .  
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The  s i g n a l s   t r a n s m i t t e d   on  the   d a t a   bus  u t i l i z e  

a  p u l s e   w i d t h   m o d u l a t i o n   t e c h n i q u e   to  r e p r e s e n t   b i n a r y  
l o g i c   s t a t e s   as  w e l l   as  a  u n i q u e   s t a r t   s i g n a l .   The  b i t  
c e l l   t i m e   p e r i o d   i s   s u b d i v i d e d   i n t o   t h r e e   B U b b i t - t i m e  

5  p e r i o d s .   As  shown  in  F i g u r e   8.  a  " z e r o "   (0)  b i t   b i n a r y  
l o g i c   s t a t e   i s   r e s p r e s e n t e d   when  t h e   d a t a   bus  20  i s  

p l a c e d   in  i t s   d o m i n a n t   B t a t e   f o r   t h e   f i r s t   t w o  
e u b b i t - t i i o e   p e r i o d s   and  in  i t s   p a s s i v e   s t a t e   f o r   t h e   l a s t  
s u b b i t - t i m e   p e r i o d .  

10  m  F i g u r e   9,  a  ' o n e "   (1)   b i t   b i n a r y   l o g i c   s t a t e  
is   i l l u s t r a t e d ,   w h e r e b y   t h e   d a t a   bus  is  e n e r g i z e d   to  i t s  
d o m i n a n t   s t a t e   f o r   t he   f i r s t   o n e - t h i r d   of  t h e   b i t   c e l l  
t i m e   p e r i o d   and  a l l o w e d   to  r e s u m e   i t s   p a s e i v e   s t a t e   f o r  
t h e   r e m a i n i n g   two  B u b b i t - t i m e   p e r i o d s .  

15  In  t h i s   e m b o d i m e n t ,   t h e   0  l o g i c   b i t   t r a n s m i s s i o n  
is   d o m i n a n t   o v e r   t he   1  l o g i c   b i t   t r a n s m i s s i o n   on  t h e   b u s  
due  to  t h e   f a c t   t h e   s e c o n d   s u b b i t - t i m e   p e r i o d   i s  
e n e r g i z e d   d u r i n g   a  0  l o g i c   b i t   t r a n s m i s s i o n   w h i l e   t h a t  
same  s e c o n d   s u b b i t - t i m e   p e r i o d   of  a  1  l o g i c   b i t  

20  t r a n s m i s s i o n   s h o u l d   have   a l l o w e d   t h e   bus  to  r e t u r n   to  i t s  
p a s s i v e   s t a t e .  

F i g u r e   10  i l l u s t r a t e s   t h e   u n i q u e   s t a r t   s i g n a l  
t h a t   o c c u p i e s   two  b i t   c e l l s   r e p r e s e n t e d   by  t h e   bus  b e i n g  
e n e r g i z e d   to  i t s   d o m i n a n t   s t a t e   f o r   t h e   f i r o t   f o u r  

25  s u b b i t - t i m e   p e r i o d s   w h i l e   t h e   r e m a i n i n g   two  e u b b i t - t i m e  
p e r i o d s   a l l o w   t h e   bus  to  r e t u r n   to  i t s   p a s s i v e   s t a t e .   An 
a l t e r n a t i v e   m e t h o d   of  p r o v i d i n g   a  s t a r t   s i g n a l   w o u l d   b e  
to  e n e r g i z e   t h e   bus  to  i t s   d o m i n a n t   E t a t e   f o r   t h e   f i r s t  
f i v e   s u b b i t - t i m e   p e r i o d s   f o l l o w e d   by  one  s u b b i t - t i m e  

30  p e r i o d   w i t h   t h e   bus  in  i t s   p a s s i v e   s t a t e .  
U t i l i z i n g   t he   p u l s e   w i d t h   m o d u l a t i o n   t e c h n i q u e  

of  c o n v e y i n g   b i n a r y   b i t   s i g n a l s   on  t h e   d a t a   b u s .   t h e  
b i t w i s e   m e s s a g e   a r b i t r a t i o n   t e c h n i q u e   t h a t   o c c u r s   in  t h e  
p r e s e n t   i n v e n t i o n   is   shown  in  F i g u r e   11.  in  t h a t   F i g u r e  

35  11.  a  t r a n s m i t t e r   "A"  and  a  t r a n s m i t t e r   "B"  h a v e  
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a t t e m p t e d   to  t r a n s m i t   r e s p e c t i v e   m e s s a g e s   a t  
a p p r o x i m a t e l y   t h e   same  t i m e   on  t h e   d a t a   bus  f o l l o w i n g   a 
p e r i o d   of  a t   l e a s t   one  b i t   c e l l   of  no  bus  a c t i v i t y .   I n  
F i g u r e   11.  i t   is  a s s u m e d   t he   t r a n s m i t t e r   A  is  t h e   f i r s t  

5  to  a p p l y   a  s t a r t   b i t   to  t he   d a t a   b u s .   H o w e v e r ,   s i n c e  
t r a n s m i t t e r   B  s y n c h r o n i z e s   to  t h e   l e a d i n g   edge   of  e a c h  
s i g n a l   p l a c e d   in  t h e   d a t a   b u s .   i t s   s t a r t   b i t   w i l l   o c c u r  
a t   a p p r o x i m a t e l y   t h e   same  t i m e   and  i t s   s y n c h r o n i z a t i o n  
w i l l   c a u s e   t h e   r e s t   of  t h e   B  s t a r t   b i t   and  s u b s e q u e n t  

10  b i t s   to  c o i n c i d e   w i t h   t h o s e   t r a n s m i t t e d   by  t r a n s m i t t e r  
A.  The  r e s u l t i n g   s i g n a l   on  t h e   bus  a p p e a r s   as  a  v a l i d  
s t a r t   b i t   and  a l l   o t h e r   c o n t r o l   m o d u l e s   c o n n e c t e d   to  t h e  
d a t a   bus  r e c o g n i z e   t h e   s t a r t   b i t   and  a r e   a u t o m a t i c a l l y  
s y n c h r o n i z e d   to  t h e   l e a d i n g   e d g e .  

15  In  t h e   e x a m p l e   shown  in  F i g u r e   11.  t he   m o s t  
s i g n i f i c a n t   b i t   in   t h e   t h r e e   b i t   p r i o r i t y   f i e l d   of  t h e  
m e s s a g e s   t r a n s m i t t e d   by  b o t h   t r a n s m i t t e r   A  a n d  
t r a n s m i t t e r   B  a r e   e a c h   a t   a  1  l o g i c   s t a t e   and  t h e r e f o r e ,  
t he   r e s u l t i n g   l o g i c   b i t   s i g n a l   on  t h e   bus  is   a  1.  T h e  

20  s e c o n d   b i t   w i t h i n   t h e   p r i o r i t y   f i e l d   is  a t   a  0  l o g i c  
s t a t e   in  t h e   c a s e   of  b o t h   t r a n s m i t t e r   A  and  t r a n s m i t t e r  
B.  The  r e s u l t i n g   l o g i c   b i t   s i g n a l   on  t h e   bus  is   a  0 .  
H o w e v e r ,   in  t h e   l e a s t   s i g n i f i c a n t   b i t   p o r t i o n   of  t h e  
p r i o r i t y   f i e l d ,   t h e   t r a n s m i t t e r   A  a t t e m p t s   to  p r o v i d e   a  1 

25  l o g i c   s t a t e   s i g n a l   to  t h e   d a t a   bus  w h i l e   t h e   t r a n s m i t t e r  
B  p r o v i d e s   a  0  l o g i c   s t a t e   s i g n a l   t h e r e t o .   S i n c e   t h e   0  
l o g i c   s t a t e   s i g n a l   in  t h i s   e m b o d i m e n t   d o m i n a t e s   t h e   1 
l o g i c   s t a t e   s i g n a l ,   t h e   r e s u l t i n g   l o g i c   b i t   s i g n a l   on  t h e  
d a t a   bus  w i l l   a p p e a r   as  a  0.  A c c o r d i n g l y ,   s i n c e   t h e  

30  t r a n s m i t t e r   A  d e t e c t s   a  b i t   s i g n a l   w h i c h   i s   d i f f e r e n t  
t h a n   t h a t   i t   f o r m a t t e d   f o r   t r a n s m i s s i o n ,   t r a n s m i t t e r   A 
i n h i b i t s   f u r t h e r   t r a n s m i s s i o n   of  i t s   s i g n a l   a n d  
t r a n s m i t t e r   B  c o n t i n u e s   to  t r a n s m i t   i t s   m e s s a g e   on  t h e  
d a t a   b u s .  
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W i t h   r e s p e c t   to  t h e   i s s u e   of  p r i o r i t y ,   a 

p r e d e t e r m i n e d   h i e r a r c h y   m u s t   be  e s t a b l i s h e d   so  t h a t  

m e s s a g e s   f o r m a t t e d   f o r   t r a n s m i s s i o n   w i l l   h a v e   a  k n o w n  

p r i o r i t y .   For   i n s t a n c e ,   on  a  s c a l e   of  0  to  7,  b r a k e  

5  l i g h t   commands   w o u l d   h a v e   t h e   h i g h e s t   p r i o r i t y .   S a f e t y  

r e l a t e d   s i g n a l s ,   s u c h   as  t r u n k   a j a r   or  d o o r   a j a r   s i g n a l s ,  

have   the   n e x t   l e v e l   of  p r i o r i t y .   S u b s e q u e n t   o r d e r   o f  

p r i o r i t y   in  d e c r e a s i n g   v a l u e   w o u l d   be  t h e   human  i n i t i a t e d  

c o n t r o l   s i g n a l s ,   s u c h   as  h e a d l a m p   c o n t r o l ,   d o o r   l o c k  

10  c o n t r o l s ,   f o l l o w e d   by  s e n s o r   d a t a   i n f o r m a t i o n   i n c l u d i n g  

f u e l   t a n k   l e v e l s ,   a m b i e n t   a i r   t e m p e r a t u r e ,   s p e e d ,   e t c .  

In  t h e   e v e n t   two  t r a n s m i t t e r s   p r o v i d e   t h e   s a m e  

p r i o r i t y   m e s s a g e   at   t h e   same  t i m e   to  t he   d a t a   b u s ,   t h e  

b i t w i s e   a r b i t r a t i o n   m e t h o d   e m p l o y e d   h e r e i n ,   w i l l   c o n t i n u e  

15  a r b i t r a t i o n   t h r o u g h   t h e   e n t i r e   m e s s a g e   f i e l d   and  w i l l   b e  

r e s o l v e d   as  s o o n   as  one  of  t h e   t r a n s m i t t e r s   p r o v i d e s   a  

d o m i n a n t   s i g n a l   d i f f e r e n t   t h a n   t h e   o t h e r .   In  t h e   c a s e   o f  

d u p l i c a t e   p r i o r i t y   t r a n s m i s s i o n s   w i t h   d u p l i c a t e  

f u n c t i o n s ,   t h e   a r b i t r a t i o n   w i l l   have   o c c u r r e d   in  t h e  

20  t r a n s m i t t e r   a d d r e s s   p o r t i o n   s i n c e   e a c h   t r a n s m i t t e r   has   a  
d i f f e r e n t   u n i q u e   a d d r e s s .  

The  f l o w   d i a g r a m   i l l u s t r a t i n g   t h e   o p e r a t i o n   o f  

t h e   c o n t r o l   p r o c e s s o r s   u s e d   to  r e c e i v e   and  t r a n s m i t  

i n f o r m a t i o n   t h r o u g h o u t   t h e   n e t w o r k   i s   p r o v i d e d   in  F i g u r e s  

25  1 2 - 1 8 .   In  F i g u r e   12,  t h e   power   up  and  i d l e   f l o w   d i a g r a m  

is   p r e s e n t e d .   Upon  power   up ,   t h e   i n t e r n a l   r e g i s t e r s   o f  

t h e   r andom  a c c e s s   m e m o r i e s   ( r a m s )   a r e   c l e a r e d   and  a l l  

t i m e r s   and  m e s s a g e   r e g i s t e r s   a r e   i n i t i a l i z e d .   T h e  

p r o c e s s o r   t h e n   w a i t s   f o r   e i t h e r   a  c o m m u n i c a t i o n   f r o m   i t B  

30  a s s o c i a t e d   node   p r o c e s s o r   to   b e g i n   f o r m a t t i n g   a n d  

t r a n s m i t t i n g   a  m e s s a g e   o n t o   t h e   d a t a   bus  20  or  w a i t s   f o r  

a  r e c o g n i z a b l e   6 t a r t   b i t   to   be  p r o v i d e d   f r o m   t he   d a t a   b u s  

20.   Ii  a  s t a r t   b i t   is   r e c e i v e d   on  t h e   d a t a   bus  20.  t h e  

c o n t r o l   p r o c e s s o r   e n t e r s   i t s   r e c e i v e   r o u t i n e   as  i s  

35  d e s c r i b e d   in  F i g u r e s   1 3 A - 1 3 C .   If   t he   c o n t r o l   p r o c e s s o r  
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r e c e i v e s   a  t r a n s m i t   r e q u e s t   f r o m   i t s   l o c a l   n o d e  

p r o c e s s o r ,   i t   e n t e r s   i t s   t r a n s m i t   r o u t i n e   w h i c h   i s  

d e s c r i b e d   in  F i g u r e s   16A  and  16B.  On  t he   o t h e r   h a n d ,   i f  

t he   c o n t r o l   p r o c e s s o r   r e c e i v e s   a  r e q u e s t   f o r  

5  c o m m u n i c a t i o n   w i t h   i t s   a s s o c i a t e d   node  p r o c e s s o r ,   i t  

e n t e r s   t h e   node   c o m m u n i c a t i o n   r o u t i n e   shown  in  F i g u r e   1 8 .  

In  t h e   r e c e i v e   m e s s a g e   r o u t i n e ,   a  r e c e i v e  

m e s s a g e   l o o k   up  s u b r o u t i n e   i s   e n t e r e d   a f t e r   t he   g e n e r i c  

f u n c t i o n   f i e l d   is   r e c e i v e d   and  s t o r e d   in  an  a p p r o p r i a t e  

10  r e g i s t e r   l o c a t i o n .   The  r e c e i v e   m e s s a g e   l o o k   up  r o u t i n e  

is  shown  in  F i g u r e   14  w h e r e i n   t he   c o n t r o l   f i e l d  

i d e n t i f i e s   e i t h e r   a  f u n c t i o n   command  (FCMD)  t y p e   s i g n a l ,  

a  f u n c t i o n   d a t a   t r a n s f e r   (FDATA)  t y p e   s i g n a l   or  a  

n o d e - t o - n o d e   (NTN)  t y p e   s i g n a l   is  s t o r e d   in  t h e   n e x t  

15  f i e l d   and  c o m p a r e s   t h e   c o n t e n t s   of  t h a t   f i e l d   r e c e i v e d  

w i t h   t he   a p p r o p r i a t e   m e s s a g e   t y p e   r e g i s t e r   in  o r d e r   t o  

d e t e r m i n e   i f   t h e   m e s s a g e   b e i n g   r e c e i v e d   i s   one  w h i c h   t h e  

c o r r e s p o n d i n g   c o n t r o l   m o d u l e   s h o u l d   r e c e i v e . "   If   t h e  

m e s s a g e   i s   d e e m e d   as  n o t   a p p r o p r i a t e ,   t he   m o d u l e   r e t u r n s  

20  to  i t s   i d l e   s t a t e .   On  t h e   o t h e r   h a n d ,   i f   t he   m e s s a g e   i s  

f o u n d   in  t h e   a p p r o p r i a t e   r e g i s t e r   and  the   c h e c k s u m   f i e l d  

is  v e r i f i e d ,   an  a c k n o w l e d g m e n t   is   made  and  the   r o u t i n e  

t h e n   n o t i f i e s   t h e   a s s o c i a t e d   node   p r o c e s s o r   i t   h a s  

r e c e i v e d   a  m e s s a g e   and  w i l l   t r a n s f e r   t he   s ame .   In  t h e  

25  t r a n s m i t   a c k n o w l e d g m e n t   r o u t i n e   shown  in  F i g u r e   15,  t h e  

r e c e i v i n g   c o n t r o l   m o d u l e   p r o v i d e s   i t s   own  u n i q u e   " n o d e "  

a d d r e s s   in  t h e   a p p r o p r i a t e   a c k n o w l e d g m e n t   f i e l d .  

H o w e v e r ,   i f   a r b i t r a t i o n   is   l o s t   i t   w i l l   c o n t i n u e   t o  

a t t e m p t   a c c e s s   and  t r a n s m i t   i t s   node  a d d r e s s   f o r   a  

30  p r e d e t e r m i n e d   n u m b e r   of  t i m e s   b e f o r e   g i v i n g   u p .  

In  t he   t r a n s m i t   r o u t i n e   shown  in  F i g u r e s   16A  a n d  

16B,  t he   c o n t r o l   m o d u l e   w a i t s   f o r   a  i n a c t i v e   bus  f o r   a t  

l e a s t   one  b i t   c e l l   p e r i o d   in  o r d e r   to  t r a n s m i t   i t s   s t a r t  

b i t   s i g n a l   or  t h e   o c c u r r e n c e   of  a  s t a r t   b i t   s i g n a l   f r o m  

35  a n o t h e r   s o u r c e .   In  t h e   e v e n t   a  s t a r t   b i t   is   d e t e c t e d .  
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t h e   c o n t r o l   m o d u l e   B y n c h r   oni  zes   i t s   c u r r e n t   s t a r t   b i t   e n d  

ge tB   Bet  to  s e n d   i t s   p r i o r i t y   s i g n a l   in  t h e   f i e l d  

f o l l o w i n g   t h e   s t a r t   b i t .   If  a r b i t r a t i o n   is  l o s t   d u r i n g  

t h e   p r i o r i t y   f i e l d ,   t h e   l o s i n g   t r a n s m i t t e r   i n h i b i t s  

5  f u r t h e r   t r a n s m i s s i o n   of  i t s   m e s s a g e   and  s w i t c h e s   to  a 
r e c e i v e   mode  in  o r d e r   to  r e c e i v e   t h e   p r i o r i t y   m e s s a g e  

b e i n g   s e n t   by  a n o t h e r   c o n t r o l   m o d u l e .   If   a r b i t r a t i o n   i s  

n o t   l o s t ,   t h e   c o n t r o l   m o d u l e   s e n d s   t h e   c o n t r o l   f i e l d  

f o l l o w e d   by  t h e   g e n e r i c   f u n c t i o n   f i e l d ,   t he   s p e c i f i c  
10  f u n c t i o n   f i e l d   and  t h e   u n i q u e   a d d r e s s   of  t he   s p e c i f i c  

t r a n s m i t t i n g   c o n t r o l   m o d u l e   f o l l o w e d   by  a  c u m u l a t i v e  

c h e c k s u m   f i e l d   s i g n a l .   In  each   c a s e   of  s e n d i n g   t h e  

p a r t i c u l a r   f i e l d s ,   t h e   a r b i t r a t i o n   p r o t o c o l   is  f o l l o w e d  

so  t h a t   i f   a  t r a n s m i t t i n g   c o n t r o l   m o d u l e   d e t e c t B   t he   b u s  
15  b e i n g   at  a  d i f f e r e n t   l o g i c   s t a t e   t h a n   t h a t   t r a n s m i t t e d ,  

an  a r b i t r a t i o n   l o s s   is   i n d i c a t e d .   In  t h e   e v e n t   m e s s a g e s  
a r e   no t   t r a n s m i t t e d   due  to  a r b i t r a t i o n   l o s s   o r  
t r a n s m i t t e d   m e s s a g e s   a r e   no t   a c k n o w l e d g e d ,   t h e   t r a n s m i t  

mode  of  t he   c o n t r o l   m o d u l e   is  r e s e t   and  t he   m e s s a g e   i s  
20  a g a i n   t r a n s m i t t e d .  
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We  c l a i m :  

1.  A  d a t a   t r a n s f e r   c o m m u n i c a t i o n   s y s t e m  
cojiipr  i B i n g :  

a  common  d a t a   bus   ( 2 0 ) ;  

a  p l u r a l i t y   of  c o m m u n i c a t i o n   c o n t r o l   m o d u l e s  
( 3 0 , 3 2 , 3 4 , 3 8 )   each  connec ted   to  sa id   da ta   bus  (20)  and  each  c o n t a i n i n g  
means  (32B,  38B)  for  r e c e i v i n g   and  means  (32D,  38D)  for  t r a n s m i t t i n g  
data   messages  from  or  to  o the r   c o n t r o l   modules  on  sa id   common  d a t a  
b u s ;  

each  con t ro l   module  i n c l u d e s   means  (32N,  38N)  f o r  
f o r m a t t i n g   d a t a   m e s s a g e s   f o r   t r a n s m i t t i n g   on  s a i d   common 

10  d a t a   bUE  i n t o   one  of  a t   l e a s t   two  t y p e s   of  m e s s a g e s   e a c h  
of  w h i c h   i n c l u d e s   in  s e q u e n c e ,   a  common  but   u n i q u e   START 
s i g n a l   of  a  p r e d e t e r m i n e d   f i e l d   l e n g t h   to  i n d i c a t e   t h e  
s t a r t   of  a  d a t a   m e s s a g e   t r a n s m i s s i o n ,   a  PRIORITY  s i g n a l  
of  a  s e c o n d   p r e d e t e r m i n e d   f i e l d   l e n g t h   to  i n d i c a t e   t h e  

15  code   of  t h e   r e l a t i v e   d e g r e e   of  p r i o r i t y   t h e   f o r m a t t e d  
d a t a   m e s s a g e   has  f o r   t r a n s m i s s i o n   on  a  p r e d e t e r m i n e d  
h i f r i a r c h y   of  p r i o r i t y ,   a  TYPE  CONTROL  s i g n a l   of  a  t h i r d  
p r e d e t e r m i n e d   f i e l d   l e n g t h   to  i n d i c a t e   t he   code   of  w h i c h  
of  s a i d   at   l e a s t   two  t y p e s   of  d a t a   m e s s a g e s   b e i n g  

20  f o r m a t t e d   f o r   t r a n s m i s s i o n ,   a  FUNCTION  or  RECEIVER 
ADDRESS  s i g n a l   of  a  f o u r t h   p r e d e t e r m i n e d   f i e l d   l e n g t h  
i n d i c a t i n g   the   code   of  t h e   f u n c t i o n   to  be  p e r f o r m e d   b y  
o t h e r   c o n t r o l   m o d u l e s   c o n n e c t e d   to  s a i d   d a t a   bus  or  t h e  
u n i q u e   a d d r e s s   of  a  s p e c i f i c   c o n t r o l   m o d u l e   i n t e n d e d   t o  

25  r e c e i v e   t he   d a t a   m e s s a g e ;   a n d  

means  (32C,38C)  for  s t o r i n g   the  unique  add re s s   of  i t s  
c o r r e s p o n d i n g   con t ro l   module  and  f u n c t i o n   codes  of  the  s p e c i f i c  
p redermined   f u n c t i o n s   c o n t r o l l e d   by  the  said  c o r r e s p o n d i n g   c o n t r o l  
modu le .  

2.  A  system  as  c laimed  in  Claim  1,  wherein  e a c h  
c o n t r o l   module  also  i nc ludes   means  for  t r a n s m i t t i n g   the  f o r m a t t e d  
message  on  said  data  bus  with  b inary   b i t  
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B i g n a l s   h a v i n g   a  p r e d e t e r m i n e d   b i t - t i m e   p e r i o d   w h e r e i n  
5  e a c h   b i n a r y   b i t   s i g n a l   is  s u b d i v i d e d   i n t o   a t   l e a s t   t h r e e  

p r e d e t e r m i n e d   s u b b i t - t i m e   p e r i o d s   w h i c h   when  summed  e q u a l  

s a i d   b i t - t i m e   p e r i o d   and  s a i d   t r a n s m i t t i n g   means   p r o v i d e s  
s a i d   b i n a r y   b i t   s i g n a l s   to  s a i d   d a t a   bus  w i t h   one  of  s a i d  

b i n a r y   b i t s   b e i n g   d i s t i n g u i s h a b l y   d o m i n a n t   o v e r   t h e   o t h e r  
10  in  t h e   e v e n t   two  o p p o s i n g   b i n a r y   b i t   s i g n a l s   a r e   b e i n g  

t r a n s m i t t e d   on  s a i d   d a t a   bus  a t   t h e   same  t i m e   b y  
d i f f e r e n t   c o n t r o l   m o d u l e s .  

3.  A  s y s t e m   as  in  C l a i m   1,  w h e r e i n   s a i d  

f o r m a t t i n g   means   f o r m a t s   s a i d   d a t a   m e s s a g e s   i n t o   a t   l e a s t  
e i t h e r   a  " f u n c t i o n   command"  t y p e   m e s s a g e   w h e r e b y   a n y  
o t h e r   c o n t r o l   m o d u l e   h a v i n g   a  s t o r e d   f u n c t i o n   code   w h i c h  

5  c o r r e s p o n d s   to  t h e   s u b s e q u e n t l y   t r a n s m i t t e d   FUNCTION  c o d e  
w i l l   c o n t i n u e   to  r e c e i v e   t h e   t r a n s m i t t e d   d a t a   m e s s a g e ,   o r  

a  " n o d e - t o - n o d e "   t y p e   m e s s a g e   w h e r e b y   o n l y   t h e   c o n t r o l  
m o d u l e   h a v i n g   a  s t o r e d   u n i q u e   r e c e i v i n g   a d d r e s s  

c o r r e s p o n d i n g   to  t he   s u b s e q u e n t l y   t r a n s m i t t e d   RECEIVER 
10  ADDRESS  c o d e   w i l l   c o n t i n u e   to  r e c e i v e   t h e   t r a n s m i t t e d  

d a t a   m e s s a g e .  

4.  A  s y s t e m   as  in  C l a i m   2,  w h e r e i n   t h e   s y s t e m  
f u r t h e r   c o m p r i s e s   a  p l u r a l i t y   of  a d d i t i o n a l   c o n t r o l   m e a n s  
a s s o c i a t e d   w i t h   and  c o n n e c t e d   to  e a c h   c o n t r o l   m o d u l e   f o r  

p r o v i d i n g   i n p u t   s i g n a l s   to  s a i d   c o n t r o l   m o d u l e  
5  r e p r e s e n t i n g   f u n c t i o n a l   or  i n f o r m a t i o n a l   d a t a   a n d  

r e s p o n d i n g   to  s a i d   f u n c t i o n a l   or  i n f o r m a t i o n a l   o u t p u t  
s i g n a l s   f r o m   s a i d   c o n t r o l   m o d u l e ;   a n d  

w h e r e i n   e a c h   c o n t r o l   m o d u l e   i n c l u d e s   means   f o r  
r e c e i v i n g   and  r e c o g n i z i n g   e a c h   START  s i g n a l   t r a n s m i t t e d  

10  on  t he   d a t a   b u s .   f o r   r e c e i v i n g   and  r e c o g n i z i n g   t h e  
PRIORITY  s i g n a l ,   f o r   r e c e i v i n g   and  r e c o g n i z i n g   t h e   TYPE 
CONTROL  s i g n a l   and  r e c e i v i n g   and  r e c o g n i z i n g   the   FUNCTION 
or  RECEIVER  ADDRESS  s i g n a l .  
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means  r e s p o n s i v e   to  s a i d   TYPE  CONTROL  s i g n a l   f o r  

15  c o m p a r i n g   the   r e c e i v e d   FUNCTION  s i g n a l   w i t h   t he   s t o r e d  

f u n c t i o n   c o d e s   or  t he   RECEIVER  ADDRESS  s i g n a l   w i t h   t h e  

s t o r e d   u n i q u e   a d d r e s s   c o d e ,   a n d  

means  f o r   f o r m a t t i n g   and  t r a n s m i t t i n g   t h e   u n i q u e  

a d d r e s s   on  s a i d   d a t a   bus  when  s a i d   c o m p a r i n g   m e a n s  

20  i n d i c a t e s   an  i d e n t i t y .  

5.  A  s e l f   - a r b i t r a t i n g   d a t a   c o m m u n i c a t i o n   s y s t e m  

c o m p r i s i n g :  

a  common  d a t a   bus  b e i n g   c o n t r o l l a b l e   to  a s s u m e   a  

d i s t i n c t   d o m i n a n t   s t a t e   or  p a s s i v e   s t a t e ;  

5  a  p l u r a l i t y   of  c o n t r o l   means   c o n n e c t e d   to  s a i d  

d a t a   bus  h a v i n g   s w i t c h a b l e   r e c e i v i n g   or  t r a n s m i t t i n g  

modes   of  o p e r a t i o n   w i t h   r e s p e c t   to  s a i d   d a t a   b u s ;   a n d  

means  w i t h i n   e a c h   c o n t r o l   means  f o r   t r a n s m i t t i n g  

b i n a r y   b i t   s i g n a l s   on  s a i d   d a t a   bus  h a v i n g   a  b i t   l e n g t h  

10  of  a  p r e d e t e r m i n e d   b i t - t i m e   p e r i o d   w i t h   e a c h   b i t - t i m e  

p e r i o d   s u b d i v i d e d   i n t o   a t   l e a s t   t h r e e   p r e d e t e r m i n e d  

s u b b i t - t i m e   p e r i o d s ,   a  f i r s t   of  eaitd  b i n a r y   b i t   s i g n a l s  

b e i n g   r e p r e s e n t e d   b y p l a c i n g   s a i d   d a t a   bus  in  i t s   d o m i n a n t  

s t a t e   d u r i n g   t he   f i r s t   s u b b i t - t i r o e   p e r i o d   f o l l o w e d   by  

15  p l a c i n g   s a i d   d a t a   bus  in  i t s   p a s s i v e   s t a t e   f o r   t h e  

r e m a i n i n g   two  s u b b i t - t i m e   p e r i o d s   of  s a i d   b i t - t i m e   p e r i o d  

and  a  s e c o n d   of  s a i d   b i n a r y   b i t   s i g n a l s   b e i n g   r e p r e s e n t e d  

by  p l a c i n g   s a i d   d a t a   bus  in  i t s   d o m i n a n t   s t a t e   f o r   t h e  

f i r s t   two  s u b b i t - t i m e   p e r i o d s   f o l l o w e d   by  a  p l a c i n g   s a i d  

20  d a t a   bus  in  i t s   p a s s i v e   s t a t e   f o r   t he   r e m a i n i n g   s u b b i t -  

t i m e   p e r i o d   of  s a i d   b i t - t i m e   p e r i o d   and  a  u n i q u e   START 

b i t   s i g n a l   f o r   t r a n s m i s s i o n   h a v i n g   a  l e n g t h   of  t w o  

b i t - t i m e   p e r i o d s   and  r e p r e s e n t e d   by  p l a c i n g   s a i d   d a t a   b u s  

in  i t s   d o m i n a n t   s t a t e   f o r   a  f u l l   b i t - t i m e   p e r i o d   and  a t  
25  l e a s t   the   f i r s t   s u b b i t - t i m e   p e r i o d   of  the   n e x t   b i t - t i m e  

p e r i o d   . 
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6.  A  s y s t e m   as  in  C l a i m   5,  w h e r e i n   e a c h   of  s a i d  

c o n t r o l   means   i n c l u d e s   means   f o r   c o m p a r i n g   e a c h   b i n a r y  

b i t   s i g n a l   on  s a i d   d a t a   bus  w i t h   t he   b i n a r y   b i t   b e i n g  

t r a n s m i t t e d   when  t h e   c o r r e s p o n d i n g   c o n t r o l   means   is   i n  

5  i t s   t r a n s m i t t i n g   mode  of  o p e r a t i o n   to  i n h i b i t   f u r t h e r  

t r a n s m i s s i o n   by  t h a t   c o n t r o l   means  when  t h e   c o m p a r i n g  

means   i n d i c a t e s   an  i n e q u a l i t y .  

7.  A  s y s t e m   as  in  C l a i m   5.  w h e r e i n   s a i d   u n i q u e  

START  b i t   s i g n a l   f o r   t r a n s m i s s i o n   is  two  b i t - t i m e   p e r i o d s  

in  l e n g t h   and  is  r e p r e s e n t e d   p l a c i n g   s a i d   d a t a   bus  in  i t s  

d o m i n a n t   s t a t e   f o r   a  f i v e   B u b b i t - t i r a e   p e r i o d s   f o l l o w e d   b y  

5  p l a c i n g   s a i d   d a t a   bus  in  i t s   p a s s i v e   s t a t e   f o r   a  s i x t h   a  

s u b - t i m e   p e r i o d .  

8.  A  m e t h o d   of  t r a n s m i t t i n g   d a t a   c o m m u n i c a t i o n  

on  a  common  d a t a   bus  b e t w e e n   r e c i p i e n t s   c o m p r i s i n g   t h e  

s t e p s   o f :  

p r o v i d i n g   a  b i n a r y   b i t   s i g n a l   f o r m a t   h a v i n g   a  
5  f i r s t   of  two  b i n a r y   b i t   s i g n a l s   d e f i n e d   as  h a v i n g   a  

p r e d e t e r m i n e d   b i t - t i m e   d u r a t i o n   and  e a c h   b i t - t i m e  

d u r a t i o n   b e i n g   s u b d i v i d e d   i n t o   at  l e a s t   t h r e e  

p r e d e t e r m i n e d   s u b b i t - t i m e   p e r i o d s ,   a  f i r s t   of  s a i d   b i n a r y  

b i t   s i g n a l s   b e i n g   r e p r e s e n t e d   by  an  e n e r g i z a t i o n   of  s a i d  

10  d a t a   bus  to  at  l e a s t   a  minimum  p r e d e t e r m i n e d   l e v e l   d u r i n g  

t h e   f i r s t   s u b b i t - t i m e   p e r i o d   f o l l o w e d   by  d e e n e r g i z a t i o n  

of  s a i d   d a t a   bus  f o r   t h e   r e m a i n i n g   two  s u b b i t - t i m e  

p e r i o d s   of  s a i d   b i t - t i m e   d u r a t i o n   and  a  s e c o n d   of  s a i d  

b i n a r y   b i t   s i g n a l s   b e i n g   r e p r e s e n t e d   by  an  e n e r g i z a t i o n  

15  of  s a i d   d a t a   bus  to   a t   l e a s t   s a i d   p r e d e t e r m i n e d   l e v e l  

d u r i n g   the   f i r s t   two  s u b b i t - t i m e   p e r i o d s   f o l l o w e d   by  a  

d e e n e r g i z a t i o n   of  s a i d   d a t a   bus  fo r   t h e   r e m a i n i n g  

s u b b i t - t i m e   p e r i o d   of  s a i d   b i t - t i m e   d u r a t i o n   and  a  u n i q u e  

START  b i t   s i g n a l   r e p r e s e n t e d   by  the   e n e r g i z a t i o n   of  s a i d  
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20  d a t a   bus  to  a t   l e a s t   s a i d   p r e d e t e r m i n e d   l e v e l   f o r   f i v e  

s u b b i t - t i r o e   p e r i o d s   f o l l o w e d   by  one  s u b b i t - t i m e   p e r i o d   o f  

d e e n e r g i z a t i o n ;  

p r o v i d i n g   a  d a t a   t r a n s m i s s i o n   f o r m a t   u t i l i z i n g  

s a i d   b i n a r y   b i t   s i g n a l s   and  s a i d   START  b i t   s i g n a l   t o  

25  i n c l u d e   in  s e q u e n c e   a  START  b i t   s i g n a l   to   i n d i c a t e   t h e  

s t a r t   of  a  d a t a   m e s s a g e   t r a n s m i s s i o n ,   a  PRIORITY  s i g n a l  

of  a  p r e d e t e r m i n e d   b i n a r y   b i t   f i e l d   l e n g t h   to  i n d i c a t e  

t h e   code   of  t h e   r e l a t i v e   d e g r e e   of  p r i o r i t y   t h e   f o r m a t t e d  

d a t a   m e s s a g e   has   f o r   t r a n s m i s s i o n   in  a  p r e d e t e r m i n e d  

30  h i e r a r c h y   of  p r i o r i t y ,   a  TYPE  CONTROL  s i g n a l   of  a 

p r e d e t e r m i n e d   b i t   f i e l d   l e n g t h   to  i n d i c a t e   t h e   code   of  a t  

l e a s t   two  t y p e s   of  d a t a   m e s s a g e s   b e i n g   t r a n s m i t t e d ,   a  

FUNCTION  or  RECEIVER  ADDRESS  s i g n a l   of  a  p r e d e t e r m i n e d  

b i t   f i e l d   l e n g t h   r e s p e c t i v e l y   i n d i c a t i n g   t h e   code   of  t h e  

35  f u n c t i o n   to  be  p e r f o r m e d   by  a  r e c i p i e n t   of  t h e   f i r s t   t y p e  

of  m e s s a g e   or  t h e   u n i q u e   a d d r e s s   of  a  s p e c i f i c   r e c i p i e n t  

of  t h e   s e c o n d   t y p e   of  m e s s a g e ,   w h e r e i n   s a i d   TYPE  CONTROL 

is  p r o v i d e d   to  d e f i n e   a  f i r s t   m e s s a g e   t y p e   t h a t   i s  

i n t e n d e d   f o r   one  or  more  r e c i p i e n t s   c o n n e c t e d   to  t h e  

40  common  d a t a   bus  and  t h a t   t h e   f o l l o w i n g   s i g n a l   f i e l d   b e a r s  

a  f u n c t i o n a l   i n s t r u c t i o n ,   f o l l o w e d   by  a  v a r i a b l e  

a c k n o w l e d g m e n t   p e r i o d ,   or  a  s e c o n d   t y p e   of  m e s s a g e  

i n t e n d e d   f o r   a  s p e c i f i c   r e c i p i e n t   c o n n e c t e d   to  t h e   d a t a  

bus  and  t h a t   t h e   f o l l w i n g   s i g n a l   f i e l d   b e a r s   a  u n i q u e  

45  a d d r e s s   of  s a i d   s p e c i f i c   r e c i p i e n t   f o l l o w e d ,   by  a  

p r e d e t e r m i n e d   a c k n o w l e d g m e n t   p e r i o d ;  

p r o v i d i n g   a  p l u r a l i t y   of  c o n t r o l   m o d u l e s   a s  

r e c i p i e n t s   c o n n e c t e d   to  s a i d   d a t a   bus  e a c h   h a v i n g  

s p e c i f i c   p r e d e t e r m i n e d   f u n c t i o n   c o d e s   and  a  u n i q u e  

50  a d d r e s s   s t o r e d   t h e r e i n   and  h a v i n g   s w i t c h a b l e   t r a n s m i t t e r  

and  r e c e i v e r   m n o d e s   or  o p e r a t i o n ;  

s u p p l y i n g   a  c o n t r o l   m o d u l e   w i t h   a  d a t a   m e s s a g e ;  

a s s e m b l i n g ,   w i t h i n   s a i d   s u p p l i e d   c o n t r o l   m o d u l e ,  

s a i d   m e s s a g e   a c c o r d i n g   to  s a i d   d a t a   t r a n s m i s s i o n   f o r m a t  

55  t y p e ;  
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s e r i a l l y   e n e r g i z i n g   and  d e e n e r g i z i n g   s a i d   d a t a  

bus  a c c o r d i n g   to  s a i d   d a t a   t r a n s m i s s i o n   and  b i n a r y   b i t  

s i g n a l   f o r m a t s  

c o m p a r i n g   e a c h   b i t   t r a n s m i t t e d   by  s a i d   s u p p l i e d  
60  c o n t r o l   m o d u l e   w i t h   t h e   b i t   s i g n a l   p r e s e n t   on  s a i d   d a t a  

bus  and  i n h i b i t i n g   f u r t h e r   t r a n s m i s s i o n   when  s a i d  

c o m p a r i s o n   i n d i c a t e s   an  i n e q u a l i t y .  

9.  A  m e t h o d   as  in  C l a i m   8,  f u r t h e r   i n c l u d i n g  
the   s t e p s   o f :  

m o n i t o r i n g   t h e   d a t a   bus  a t   e a c h   c o n t r o l   m o d u l e ;  

r e c o g n i z i n g   a  START  b i t   s i g n a l   or  s a i d   d a t a   b u s ;  
5  r e c e i v i n g   and  s t o r i n g   t h e   PRIORITY  s i g n a l ;  

c o m p a r i n g   t h e   TYPE  CONTROL  a l o n g   w i t h   t h e  

FUNCTION  or  RECEIVER  ADDRESS  s i g n a l   w i t h   r e s p e c t i v e  
s t o r e d   f u n c t i o n   c o d e s   or  u n i q u e   a d d r e s s ;  

s w i t c h i n g   e a c h   c o n t r o l   m o d u e l .   w h i c h   r e g i s t e r s  
10  an  i d e n t i t y   in  i t s   s t e p   of  c o m p a r i n g ,   to  i t s   t r a n s m i t t i n g  

mode  of  o p e r a t i o n   and  t r a n s m i t t i n g   i t s   u n i q u e   a d d r e s s   o n  
s a i d   d a t a   bus  as  an  a c k n o w l e d g m e n t   s i g n a l .  
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